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ABSTRACT 


The  prototype  scrubber  and  augmentation  system  design- 
ed for  and  operated  in  Black  Point  Test  Cell  Number  1 
NARF- Jacksonvi 1 le  has  abated  emissions  to  the  projected 
design  level.  The  engines  operated  with  the  system  were 
the  J-79,  TF-30,  and  J-52.  Particulate  emissions  were 
reduced  to  the  0.002-0.005  gr/SCF  level.  The  visible 
emissions  fell  well  within  the  Ringleman  1/2  level  after 
dissipation  of  the  steam  plume.  No  fallout  was  evident 
during  operation  of  the  system.  It  was  furtlier  establish- 
ed that  engine  test  performance  was  not  affected  by  the 
THSI  system. 

The  scrubber  system  was  mounted  on  the  e.xhaust  stack 
of  the  cell  thus  obviating  the  necessity  for  costly  duct- 
ing and  the  requirement  for  ground  utilization. 

The  size  requirement  of  the  scrubber  was  reduced  signi- 
ficantly with  the  use  of  a new  augmenter  design  that  decreas- 
ed the  induced  air  to  jet  exhaust  flow  ratio  from  values 
in  the  range  of  2:1  to  0.4-0.6:!.  This  new  augmenter  can 
reduce  the  augmentation  even  further,  thus  providing  the 
potential  of  retrofit  of  existing  cells  to  accommodate  eng- 
ines larger  than  now  being  tested.  Sound  levels  were  reduced 
by  the  installation  of  the  scrubber  from  6-10  decibels  fdBA), 
where  the  original  sound  level  was  of  the  order  of  90-95 
dBA. 


In  order  to  prevent  the  mere  transfer  of  pollution  from 
airborne  to  waterborne,  a loop  system  should  be  considered 
for  all  installations.  The  THSI  scrubber  recovers  74-961  of 
the  energy  of  combustion  in  the  engine  and  recovers  up  to  95®» 
of  the  submicron  particulates  (up  to  1/2  ton/day).  Thus  clean- 
up and  cooling  of  the  water  with  total  recycle  is  necessary 
for  all  installations. 


LIST  OF  TABLES 


:.l  EFFECT  OF  NEW  AUGMENTER  ON  SECONDARY  AIR  FLOW 

7.1  EFFECT  OF  RECYCLE  ON  AUGMENTATION  FLOW 

7.2  NOMENCLATURE  FOR  AUGMENTER  DERIVATION 

7.3  OBSERVED  AUGMENTATION  RATIOS 

7.4  MODEL  PREDICTED  AUGMENTATION  lUTIOS 

8.1  VARIATION  IN  INARTICULATE  LOADING  AS  FUNCTION 

OF  probe;  POSITION 

8.2  PARTICULATE  EMISSIONS  FROM  JET  ENGINES  IN 

TEST  CELL 

8.3  COMPARISON  OF  PARTICULATE  LOADINGS  FOR  TURBO- 

FAN ENGINES 

8.4  PROJECTED  FALLOUT  FROM  ENGINE  TEST  CELL 

9.1  PERFORMANCE  CHARACTER  I ST  I CS  - SCRUBBER 

9.2  LOSS  OF  FRIiSIl  WATER  IN  AUGMENTER  - SCRUBBER 

OPERATION 

10.1  REDUCTION  IN  AUGMENTATION 

11.1  EMISSION  LEVELS  FROM  CONTROL  SYSTEM 

12.1  RIVER  WATE.R  TEMPERATURES 

12.2  RESULTS  OF  ANALYSIS  OF  SCRUBBER  WATER 

(NARF  DATA) 

12.3  RESULTS  OF  ANALYSIS  OF  SCRUBBER  WATER 

fSOUTHE.R.N  ANALYTICAL  LAB) 


13.1 


OVERALL  "A"  SCALE  SOUND  LEVELS 


5-1  Xucleation  Scrubber 

5-2  Air  BaL't'ies 


b-1  Plan  of  IVater  Syster.i  I 

0-2  River  IVater  ijitake  System  . j 

7 ■ \ T-  ' ^ I 

7-2  Schematic  for  lAiuatioa  bevel  opmojit  j 

7-5  Model  Predicted  Augmenter  Performance  ! 

at  Constant  Outlet  Area  ' 

7-4  Model  i’redicted  Augmenter  Performance 

at  Constant  Augmentation  Area 

7- 5  llffcct  of  hater  Injection  on  Augmentation 

S-1  Sampling  Probe  Locations 

S-2  Particle  Site  Distribution  - J-79  iingine 

S-5  Particle  Site  Distribution  - J-79  - 951 

8- 4  Particle  Site  Distribution  - J-79  Engine 

S-5  Particle  Site  Distribution  - J-79  Engine 

8-6  Particle  Site  Distribution  - .J-52  Engine 

8-7  Particle  Site  Distribution  - J-52  Engine 

8- 8  Recovered  Particulates  in  Scrubber  IVater 

9- 1  Scrubber  - Temperature  and  Thermal  Conditions  - 

J-79  Operation 

10-1  TF-50  Exhaust  Profile  - Military  Mode 

10-2  J-79  Exhaust  Profile  - Military  Mode 

10-5  TF-50-PS-H  Correlation  S.X.  664550 

10-4  TF-50-PS-B  Correlation  S.X.  o64550 

10-5  J-52-PS-B  Correlation  S.X.  677211 

10-6  J-79  Engine  Pumping  Ciiaracteristics  (letter  from  G.E.) 

10- 7  J-79-GE-8  Engine  Pumping  Characteristics 

11- 1  Cell  Ex’naust  Prior  to  Installation  of  Scrubber 

11-2  System  Exhaust  TF-50  Military 

11-5  System  Exhaust  J-79  Military 

11- 4  System  Exhaust  J-79  A/B  (following  tide  page) 

12- 1  Diffusion  Model  - Temperature  in  Riv'er 

12-2  River  Temperatures  - Military  and  A/3  Modes  - d-79  Operation 

12-5  haste  haters  Certificate  of  Analysis  or  Tests 

15-1 
15-2 
15-5 


- Idle 

- Afterburner 
(Min.) 

- Afterburner 
(Max . ) 

- Idle 

- Military 


Sound  Levels,  J-79  Military 
Sound  Levels,  J-79  A/B 
Sound  Levels,  TF-50  Military 


TABLE  OF  CONTFNTS 

CHAPTER 


PART  I : OVERVIEW 

Overall  Task  1 

Summary  2 

Recommendations  3 

Design  Parameters,  Criteria, 
and  Costs  4 

PART  1 1 : DESIGN  CONSIDER-^TIONS 

Scrubber  5 

Water  System  6 

Augmenter  7 

PART  III:  PERFORMANCE 

Effluent  from  Engines  § Recov- 
ery by  Scrubber  8 

Scrubber  9 

Augmenter  10 

PART  IV:  CONFORMANCE  WITH  ENVIRONMENTAL 

REQUIRENENTS  11 


PART  V:  SECONDARY  EFFECTS 

Effluent  Water  12 

Sound  Level  13 


LIST 


OF 


APPENDICES 


ANALYTICAL  METHODS  AND  PROCEDURES  FOR 
ENGINE  EXHAUST,  SCRUBBER  EXHAUST,  AND 
WATER 


TEST  DATA  - SCRUBBER 


SOUND  LEVELS 


RAW  DATA 


PART  I 
Chapter  1 


OVERVIEW;  Overall  Task 


The  task  for  this  project  was  established  by  N'AVFAC, 
Southern  Division,  as  follows; 

A . General  Requirements 

The  Engineering  Service  Contractor  shall  perform 

the  following  services; 

1.  Determine  by  field  test  with  test  cell  774  oper- 

ating in  its  present  configuration;  (a)  types  of 
pollutants  emitted,  (b)  flow  rates  at  appropri- 
ate points  in  the  cell,  (c)  operating  pressures 
and  tenv  cultures  at  appropriate  points  in  the 
cell.  noise  levels,  fc)  Ringleman  test  of  ef- 

flu'  (f)  other  operating  data  that  may  be 

re  design  a nucleation  type  scrubber 

sv  .a  to  determine  by  post  installation  test, 

it  . . c t iveness  . 

2.  Design  a nucleation  type  scrubber  system  and  an 
augmentation  system  for  the  test  cell  which  will 
abate  pollution  tn  a degree  commensurate  with  loc- 
al and  Pederal  regulations  and  which  will  conform 
to  other  local  and  Federal  regulations  (such  as 
thermal  and  particulate  pollution  of  water].  De- 
sign should  provide  for  use  of  any  materials  avail 
able  at  \ARF,  Jacksonville. 

5.  Erection  of  the  design  system,  including  necessary 
alterations  . 

4.  Accomplish  post  installation  tests  necessary  to 
determine  the  effectiveness  of  the  scrubber  and 

to  establish  the  validity  of  the  augmentation  for- 
mula derived  under  contract  N6 246 7 - 70 - C- 00 7 8 . 

5.  Based  upon  tests  in  item  4 above,  determine  and 
accomplish  modifications  and/or  adjustments  requir 
cd  to  optimize  the  operation  of  the  abatement  sys- 
tem . 

6.  Retest  as  necessary  to  determine  effectiveness  of 
the  final  system. 
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1.1  A.  General  Requirements  ( Continued) 

7.  Prepare  a report  evaluating  performance  of  the 
abatement  and  augmentation  systems  and  recom- 
mending criteria  and  design  parameters  to  be 
used  in  modifying  other  existing  test  cells  and 
constructing  new  cells  for  the  abatement  of  pol- 
lutant emission. 

N’OTES : All  tests  other  than  air  pollution  tests 

will  be  provided  by  NARF,  Jacksonville  personnel. 
Testing  done  under  this  contract  shall  be  accom- 
plished by  subcontract  with  an  approved  firm 
with  demonstrated  capabilities  for  the  testing 
involved.  The  final  test  in  item  6 above  shall 
be  scheduled  so  as  to  permit  observation  by  vari- 
ous Government  representatives  to  be  determined. 


Pol lut ion 

tests  will  be 

accomplished  as 

follows 

Test  Before 

Test  Prior 

•Any 

To 

Final 

Modification 

Optimization 

Test 

Jy7^-  8 

X 

X 

X 

CBC  Fngine 
XT^roTiabl  V 
J-52  P8)' 

X 

X 

This  report  fulfills  Task  7. 


1.2  TFS I wishes  to  acknowledge  the  aid  and  cooperation  of 

members  of  NAVAIR,  NAVFAC  and  NARF-JAX  in  bringing  this 
system  to  its  state  of  operation.  As  a result  of  this 
aid,  the  task  requirements  have  been  exceeded  in  the 
following  areas : 

1.  3 engines  were  tested  rather  than  2 (by  mutual  agree- 
ment ) . 

2.  Gas  analyses  were  made  to  include  loadings  and  parti- 
cle size  as  well  as  Ringleman. 

3.  Gas  flows  through  the  test  cell  were  reduced  up  to 
1/2  of  the  conventional  flow. 


1 
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OVERVIEW;  Summary 


2.1  Evaluation  of  the  performance  of  the  test  system  for  pollu- 
tion abatement  of  operating  effluents  from  a jet  engine 
test  cell  was  conducted  at  N'ARF,  Jacksonville,  Black  Point 
Cell  No.  1,  during  the  period  from  December  1970  through 
May  1971.  Characteristics  of  performance  were  obtained 
with  the  following  engines: 


J-52 

J-79 

TF-30 

under  operating  conditions  of  idle  through  afterburner 
throttle  setting  conditions  where  applicable. 


2.2  The  results  of  the  tests  are  as  follows: 

2.2.1  Abatement  of  particulate  emissions  was  achieved  for 

all  engines  at  all  conditions  of  test  to  well  within 
all  existing  codes  and  regulations.  The  system  per- 
formed in  accordance  with  design  projections  for  par- 
ticulate emissions. 

Existing  codes  call  for  Ringleman  1/2  as  emission 
equivalent  opacity  after  evaporation  of  steam.  Execu- 
tive Order  11282  implies  a requirement  of  0.008 
grains/cu.  ft.  Design  projection  was  0.004  grains/  cu. 
ft . 


The 

effluents  from 

the  system 

we  re  : 

J-52 

Average 

0 . 0026 

g r a i 11  s / c u . 

ft 

TF-30 

Average 

0.0017 

gra i ns/cu . 

ft 

J-79 

Average 

0.0044 

grai ns/cu . 

ft 

The  Ringleman  equivalent  after  dissipation  of  the 
steam  was  below  Ringleman  1/2. 
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Reduction  in  total  gas  flow  in  the  test  cell  in  the 
order  to  38-47o  was  achieved  via  use  of  the  proprie- 
tary augmenter.  The  reductions  in  augmentation  flows 
were  as  follows: 


TABLE  2.1 


EFFECT  OF  XEIV  AUGMENTER  ON  SECONDARY  AIR  FLOW 


Augmentation Rat  i o Percent  Reduc  t i on 

in  Augmentation  _ 

■NEW_  AUG  Air  witTi  New  Aug 


Initial 

36"D 

I'hroat 

30  "D 
Throat 

36  "D 
Th  roat 

30  "D 
I'hroat 

J-79 

Mi  1 

2.1^ 

1 .06“ 

50 

J-79 

A/B 

1.9^ 

0.64'^ 

6 7 

TF-30 

Mil 

Y ^ 

0.62 

0.38  - 

49 

69 

TF-30 

Mi  1 

2.  12 

0.62 

0 . 38 

71 

82 

1 - Forcing  cone  placed  on  old 

augmenter.  The  forcing 
cone  reduced  augmentation 
5n°d  below  conventional  op- 
c rat i on  . 

2 - All  positions  e.xcept  16"  (See  Table  7-.31 

.3  - All  at  position  +2" 

(Reading  1.06  - 100°6  vari- 
ation from  other  four  delet- 
ed) . 
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[Cont inueJ) 


Overal  1 flow 
was  : 

reduction  through  the 

test  cell 

Reduction  in  Total 

Flow  - ("„) 

Large  Cone 

Small  Cone 

J-  79^ 

Mi  ! 

34 

.1-79^ 

A/B 

4 4 

TF-3n^ 

Mil 

38 

TF-30“ 

Mi  1 

4 9 

5(1 

1 - Comparison  is  uitli  Toreing 

cone  on  old  aujrmenter. 

2 - (iompa  r i soil  with  forcing 

cone  that  had  been  normally  ; 

used  in  tlic  installation.  | 

I 

I 

The  objective  of  flow  reduction  was  the  decrease  of  j 

sice  and  cost  of  the  abatement  systems.  The  impli- 
cations arc  that  larger  engines  can  now  be  tested  I 

in  e.xisting  cells  if  appropriate  changes  to  the  1 

thrust  systems  arc  made.  | 

2.2.3  Sound  levels  were  reduced  from  6-10  decibels  (dllA)  ,| 

after  installation  of  the  scrublicr  indicating  poten-  i| 

tial  for  reduction  of  installation  of  high  mainten-  * 

ance  sound  attenuation  equipment  in  test  cells  where 
the  scrubber  is  installed.  All  data  with  the  scrub- 
ber in  operation  were  taken  in  the  northwest  quad- 
rant and  thus  included  intake  noise.  The  reduction 
in  sound  level,  therefore,  is  considered  conserva- 
tive. 

2.2.4  The  test  system  has  been  in  continuous  operation 
since  .April  1071  in  stable  regime  and  providing  ef- 
fective reduction  in  test  cell  gas  flow,  abatement 


BT 
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(Cent i nue J J 

of  particulate  emissions,  and  sound  level  reduction. 


Fiffluent  water  temperatures  exceeded  those  projected 
on  the  basis  of  estimated  heat  transfer  coefficients 
in  the  scrubber.  U'liercas  peak  effluent  water  temper- 
atures of  145°F-  had  been  anticipated,  the  water  ef- 
fluent temperature  during  J-79  A/B  ojieration  was  l(i5°P 
to  lb8°F.  During  military  operation  for  the  J-79  fthe 
hottest  engine  tested),  the  temperature  rise  at  the 
surface  of  the  river  was  of  the  order  of  25°F,  and  6°F 
at  1 foot  below  the  surface  at  a distance  of  40  feet 
from  the  discharge.  A mathematical  model  based  on 
average  of  33'i  of  the  time  in  military  throttle  and  .3° 
in  afterburner  with  an  average  scrubber  water  tempera- 
ture rise  over  the  5-liour  operating  period  of  13.8°F, 
showed  a 4°F  average  rise  in  river  water  at  a distance 
of  100  ft  from  the  discharge  point.  The  actual  temp- 
erature rise  in  the  scrubber  water  for  this  type  of 
cycle  is  2(i.3°F.  Thus,  an  average  rise  of  8°F  would  be 
proj  ected . 


Although  SO.,  exhaust  could  be  anticipated  from  tlie  spec- 
ifications 5f  JP-5  fuel,  the  sulfur  maximum  in  the  fuel 
is  rarely  evident  and  SO,  levels  were  always  below  10 
PPM  in  tiie  exhaust. 


The  solids  recovered  in  the  scrubber  are  not  consis- 
tent in  behavioral  characteristics.  In  some  cases, 
settling  rates  indicated  a .S-25  micron  agglomerate  as  the 
major  constituent.  In  other  cases,  a stable  emulsion 
was  evident.  Separation  and  recycle  studies  arc  indica- 
ted. 


RfRarding  the  present  installation,  it  is  recommend- 
ed thaf: 

3.1  A prototype  cooling  tower  be  installed  to  provide  for  re- 
circulation of  the  water  through  the  system  and  preclude 
emission  of  particulate  or  thermal  pollution  into  the 
r i ve  r . 


A solids  and  oil  separation  system  be  installed  in  the 
circuit  to  provide  a sludge  that  can  be  added  to  the  fuel 
in  the  bo i 1 er  plant. 


Regarding  future  instal lat ions , it  is  recommended 
that  : 


3.3  Consideration  be  given  to  augmenter  design  in  order  to 
maintain  a minimum  400-500°F  temperature  in  the  mixed 
jet  augmentation  air  flow  prior  to  quench.  A variable 
throat  ThS I augmenter  can  be  used  in  order  to  properly 
minimize  flow  for  engines  of  different  exhaust  nozzle 
d i amete  r . 


3.4  The  slope  of  the  packed  scrubber  be  increased  to  prevent 
breakthrough  of  water  from  the  sides. 


3.5 


Thorough  consideration  of  angle  of  gaseous  emission 
from  the  scrubber  with  regard  to  effect  on  sound  levels 
be  made. 
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OVERVIEW: 


Design  Parameters,  Criteria,  and  Costs 


The  size  and  operation  of  the  scrubber  were  evaluated 
based  on  the  performance  of  the  prototype.  As  a result 
of  this  study,  the  following  parameters  were  establish- 
ed : 


Height  of  packed  section  can  be  increased  to  20  feet 
without  adv^ersc  effects  on  performance. 


The  size  of  the  scrubber  can  be  reduced  from  lOv  to  20°g 
based  on  the  Jacksonville  unit.  Thus  the  face  dimen- 
sion of  the  scrubber  could  have  been  reduced  from  060 
ft-  to  840  ft“,  thus  reducing  the  length  of  the  scrubber 
from  .i0  feet  to  26  fe^^t  . 


The  scrubber  can  accept  outlet  flows  in  the  range  of 
100  - 450  ft /min  and  inlet  flows  of  100-600  ft, /min. 


Stability  was  maintained  at  an  irrigation  rate  of  5-25 
GPM/ft^  of  irrigation  area.  Ea^e  spray  flux  was  effec- 
tive in  the  order  of  1 - .5  CPM/ft-. 


Effective  operation  is  acliieved  with  irrigation  with 
water  in  the  range  of  1 - .5  CPM  per  100  Cl'M  of  outlet  gas, 
as  a function  of  inlet  gas  temperature. 


A demister  zone  of  1 ft.  of  1-inch  Tellerettes  is  re- 
qu i red . 


Pressure  drop  of  6 in.  w.g.  should  be  considered  as  a 
maximum,  althougli  in  operations,  reliable  data  indicat- 
ed that  a maximum  of  .5-4  in.  w.g.  occurred. 
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The  system  was  designed  for  10  in.  w.g.  static  pressure 
and  was  effective. 

Top  roll  turning  vanes  should  be  used  at  the  top  of  the 
scrubber . 

The  maximum  operating  temperature  of  the  packing  should 
be  175°T. 

The  cooling  tower  load,  based  on  performance  data,  was 
higher  than  that  predicted  because  of  the  high  heat 
transfer  rates.  Tlie  thermal  absorption  is  a function 
of  the  inlet  temperature  of  the  quenched  gas.  It  repre- 
sented 83-96s  of  the  thermal  value  of  the  fuel  burned 
when  the  quenched  gas  temperature  was  below  140°T  and 
7-lo  of  the  t/iermal  value  of.  the  fuel  burned  at  an  inlet 
temperature  of  172°F. 

The  cost  of  the  scrubber  installed,  exclusive  of  pip- 
ing and  pumps  that  will  vary  with  the  installation  and 
engines  tested,  is  of  the  order  of  25>i  to  ISd  per  ACFM 
inlet  to  the  scrubber.  This  variation  is  a function 
of  the  dimensions  of  the  stack  and  the  height  above  the 
ground  level . 

Ihe  cost  of  the  cooling  tower,  exclusive  of  pumps, 
piping,  and  sump  is  estimated  to  range  from  0.14-0.25<t/ 
(Btu/hrl  for  "average"  design  conditions  and  0.05-0.  lOii/ 
fBtu/hr)  for  the  responsive  proprietary  system  at  the 
maximum  load  condition.  I'he  ground  space  will  range 
from  5 to  10  f t •'  per  10*^  Btu/hr  at  "average"  design  and 
2 to  4 ft-  per  10"  Btu/hr  at  maximum  conditions. 


The  TEST  Scrubber  (Fig.  5-1)  is  a cross  flow  nucleation 
system  (proprietary)  that  provides  for  collection  of 
submicron  particulates  via  the  nucleation  phenomenon  (a 
combined  process  of  particle  growth  via  condensation, 
improved  particulate  collision  resulting  from  wetting 
via  condensation,  and  cod i f fus i ona 1 drag). 

The  scrubber  was  designed  as  two  identical  reflection 
sections  mounted  with  independent  supports  parallel  to 
the  20  ft  sides  of  the  stack.  The  overall  scrubber  di- 
mensions are  .50  feet  long  x 20  feet  high  x 28'6"  wide, 
including  gullwings  and  sides.  The  packed  sections  have 
a face  dimension  of  50  ft  x 17  ft  and  each  contained  a 
4’6’’  depth  of  2-inch  nominal  Tellerettes  followed  by  a 
divider  support  plate  and  9 inches  of  1-inch  nominal  Tel- 
lerettcs.  The  2- inch  packing  was  irrigated  with  4000 
GPM  for  each  50-foot  section.  The  water  feed  is  divided 
into  two  components,  sprays  at  20  PSIG  washing  the  50  ft 
X 17  ft  face  at  the  rate  of  1000  GPM  per  section  and  top 
distributors  irrigating  the  4 ’6”  depth  of  the  2-inch 
packing  at  the  rate  of  5000  GPM  per  section.  Ihe  1-inch 
Tellerettes  (9-inch  depth)  are  not  irrigated  and  serve 
as  a demister  section. 

The  gas  flow  (quenched  test  cell  gas)  is  distributed  to 
the  two  packed  section  faces  by  turning  vanes  on  each 
side  of  the  stack.  The  face  sprays  are  used  for  initial 
reduction  in  temperature  as  well  as  to  protect  the  pack- 
ing from  any  "hot  spot  conditions"  resulting  from  incom- 
plete quenching  in  the  augmenter  section. 

After  leaving  the  packed  demister,  the  gas  is  directed  up- 
wards at  an  angle  of  45°  by  gull  wings  mounted  on  the 
scrubber  section. 

The  liquid  effluent  is  collected  in  sloped  bottom  troughs 
containing  baffles  to  prevent  gas  bypass.  fhe  collected 
liquid  is  discharged  by  gravity  to  the  river  via  a seal- 
ed underflow  weir  and  an  overflow  weir. 


I 
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5.2 


The  charac 


t he 


scrubber  are  as 


f o 1 lows : 


No.  of  scrubbers 


Type  of  scrubber 


Pace  Dimension  for 
Gas  Plow,  bach 
Scrubber 

Depth  of  Packing 


Volume  of  Packing 


Grating 


Separation  between 
Recovery  and  Demist- 
ing Sections 


Pace  Sprays 


Packed,  cross  flow, 
nuc 1 ea  t i on 


.5  0'  .X  17' 

4'(i"  - 2"  Teller- 
ettes  for  cross 
flow  nucleation 

9"  - 1"  Tellcrettes 
for  demisting 

4b on  cu . ft . - 2"  Te 1 - 
1 eret  tes 

770  cu. ft . - 1 " Tel  - 
leret  tes 

I’o  I yethyl  one  1"  x 1" 
grating  with  2"  shelves 
for  strength. 


Polyethylene  grating 
with  1"  X 1"  mesh  cover. 

4 each  section  (4"D1  - 
8 total  ; 29'  long , 8 
nozzles  per  distributor 


I fop  Di s t r i bu t or 


.5  (b"D  X .50')  each 
scrubber  section  - b 
total,  bach  distributor 
20  nozzles  (120  total) 


2 each  side,  4 total 
2'b"  X 50'  each. 


Top  Baffles 


PART  n 
Chapter  5 


5.2  ( Cent inueJ ) 


Bottom  Baffles 


Bottom  Sump 


Cl  u 1 1 Kings 


Turning  Vanes 


(iover  Sections 


b on  1-foot  centers 
following  full  length 
of  sump  with  2'  x 4" 
notches  at  deep  end. 

2 required,  1 for  each 
scrubber;  .30'  long  x 7' 
wide  X 1'  deep  at  shallow 
end  and  3/(i"  deep  at 
flooded  end  - Discharge 
through  24"  1)  pipe. 

4 on  each  section  of 
sc  rubber  - 8 total, 
h'  X 30'  each. 

2 each  side  - 4 total. 
2-3'  Radius,  2-6'  Radius 
plus  straight  sections  - 
Hpoxy  painted  steel. 

Corrugated  FRD  - 
Fiberglass  reinforced 
plastic 


Pipe  baffles  (FRP)  were  added  at  the  top  section  of  the 
existing  stack  because  of  severe  maldistribution  of  gas 
flow  entering  the  scrubber  section.  These  were  placed 
on  the  south  end  of  the  scrubber.  Baffles  consisted  of 
4'  lengths  of  3"  D FRP  pipe  mounted  on  7-1/2"  centers 
(Fig.  .5-21.  The  scrubber  is  independently  supported. 

The  top  of  the  trough  is  breeched  to  the  top  of  the  stack 
by  1/4"  thick  .Neoprene  sheet. 
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DESIGN  CO.N’SIPhRATIONS  : Water  System 


e.l  The  water  system  for  the  TEST  scrubber-augmenter  unit 
consists  of  two  major  components: 

1'  River  water  for  packed  scrubber 
2-  Fresh  water  for  augmenter 

rhe  flow  diagram  for  the  system,  is  indicated  in  Figure 
b-1.  The  water  intake  system  is  shown  in  Figure  6-2. 

6.2  River  water  is  pumped  at  the  rate  of  8000  GPM  (81  foot 
head)  by  a Johnston  Vertical  Mixed  Flow  Right  Angle  Drive 
2-Stage  Pump,  Model  F-  250,  driven  by  a 2.S0  HP  Diesel 
Engine,  Cummins  Model  XT  280-lF.  The  intake  of  the  pump 
submerged  in  the  river  was  placed  approximately  250  feet 
from  the  bulkhead,  to  achieve  proper  submergence.  The  18" 

D carbon  steel  transfer  line  to  the  scrubber  was  approxi- 
mately 350  feet  long.  Flow  was  measured  by  a by-pass  ori- 
fice flowmeter.  The  discharge  from  the  scrubber  was  20"D 
and  was  placed  along  the  bulkhead  discharging  at  rip  rap 
into  the  river  at  a 260  feet  distance  from  the  scrubber, 
fhe  displacement  of  inlet  and  outlet,  540  feet  on  an  east- 
west  line  and  120  feet  on  a north-south  line,  was  chosen  to 
minimi le  the  potential  of  recycle  to  the  scrubber.  No 
evidence  of  recycle  was  observed. 

6.3  The  quench  water  was  supplied  from  two  (2)  20,000  gallon 
tanks  with  common  feed  from  the  station  potable  water  system. 
Two  pumps  were  used  to  provide  water  under  head  to  the 
quench  zone,  one  for  the  venturi  throat  spray  ring  and  one 
for  the  diverging  section  sprays.  The  pumps  were  started  by 
the  test  cell  operator  with  starter  switches  in  the  control 
room . 

Ihe  spray  ring  pump  specifications  were: 

Kctchum  Pump  Model  3 AD  10 
Head  175  ft. 

600  GPM 
50  HP  Motor 
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(Continued) 

The  diverging  section  spray  pump  provided  by  the  U.  S. 
Navy  was  a: 


Ketchum  Pump  Model  5874 

Head  175  ft. 

500  GPM 
.50  IIP  Motor 

The  water  feed  to  the  augmenter  was  delivered  through 
6"D  lines  with  positive  shutoffs  controlled  from  the 
test  cell  operating  room. 


7.1  The  augmenter  system  (Tig.  7-l)(6'4"n  x 12')  was  design- 
ed to  provide  for  reduction  of  augmentation  with  minimal 
or  no  physical  interference  with  the  flow  of  the  jet. 

The  flow  system  was  conceived  as  follows; 


7.1.1  Converging  throat  (25°)  as  entrance  for  the  jet  ex- 

haust stream.  The  throat  diameter,  ,5'0"  is  6" 
greater  than  the  exhaust  bell  diameter  of  the  larg- 
est engine  to  be  tested. 


7.1.2  A minimum  horizontal  open  distance  of  I'O"  with  no 

directional  structure  before  the  position  of  the 
diverging  venturi  section  ('^7°).  The  open  space 
houses  the  recessed  high  velocity  spray  ring  and 
the  remaining  annular  area  for  recycle  flow. 


7.1.3  The  recessed  annular  spray  ring  is  a 6"D  pipe  roll- 

ed to  a 4'0”  centerline  diameter  and  perforated 
with  1/4"D  spray  orifices  (40).  These  spray  ori- 
fices direct  the  flow  at  a velocity  of  80  fps  ra- 
dially into  the  jet  exhaust  stream. 


7.1.4  The  diverging  section  of  the  venturi,  expanding  at 

a half  angle  of  approximately  7°,  is  hollow  and  is 
perforated  with  1/4"D  orifices  to  provide  secondary 
quench  water  at  60  ft/sec  to  80  ft/sec.  The  outer 
diameter  of  the  diverging  section  is  4 '7",  thus 
providing  an  annular  cross  section  between  the  di- 
verging section  and  the  augmenter  I.D.  of  13.1  ft“. 
This  represents  41.8"o  of  the  total  augmenter  cross 
section,  and  is  the  flow  area  for  the  recycle  gas. 


7.1.5 


A recycle  circular  baffle  is  placed  1'8"  downstream 
from  the  end  of  the  diverging  conical  section  in 
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order  to  aid  the  recycle  of  the  quenched  gas.  The 
flange  height  is  4”  and  can  act  as  a baffle.  One 
additional  baffle  was  provided  to  increase  tbe 
scoop  baffle  height  to  12". 


A removable  a.xially  located  hollow  conical  core 
buster  was  located  with  the  leading  point  b"  up- 
stream of  the  trailing  edge  of  the  diverging  sec- 
tion. This  unit  was  placed  in  the  augmenter  to 
determine  the  necessity  for  final  breaking  of  the 
jet  core.  I'he  core  buster  was  .^2-l/4"P  orifices 
for  secondary  irrigation  and  quencliing. 


BA.SIS  OP  nikSIC.N' 


The  ol'ijective  of  this  augmenter  system  [Pig.  7-1)  was 
to  minimi::e  the  total  gas  flow  in  the  e.xhaust  in  order 
to  reduce  tbe  capital  cost  and  size  of  the  pollution 
abatement  system.  'I'he  secondary  objective  was  to  re- 
duce tbe  total  gas  flow'  with  the  [loss  i b i 1 i t\’  resulting 
that  the  e.xisting  test  cells,  with  thrust  bed  modifica- 
tion, could  be  vised  for  the  new,  larger  engines  that 
are  avlopted  by  the  Navy. 

Tbe  design  and  development  of  this  augmenter  was  based 
on  the  following: 


llv'potbesi  s 1 : i'he  presence  of  non  - ae  rodynam  i c fi.xcd 

bodies  in  the  path  of  the  jet  e.xhaust, 
as  a secondary  effect,  precludes  reduc- 
tion in  augmentation  because  of  the 
turbulence  developevl.  As  a result  of 
turbulence  occurring  in  augmenters  with 
fixed  bodies  in  tbe  path  of  the  gas 
stream,  the  engiru  must  be  blanketed 
with  secondary  air,  in  the  order  of  aug- 
mentation of  1 - .X , in  order  to  maintain 
eng  ine  stab  i 1 i t y . 


( Cont i nucd ) 
Hypo  the  si s 2 : 
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The  kinetic  energy  of  the  exhaust,  approx- 
imately 1/2  of  the  total  energy  in  the  A/R 
range  (calculated"),  can  be  relieved  by  en- 
trainment, turbulence,  or  pressure  drop 
due  to  friction.  The  most  effective  mode 
is  entrainment  combined  with  friction  loss 
in  an  area  outside  the  main  flow  zone,  be- 
cause it  minimizes  reflection  of  instabil- 
ity to  the  engine.  I'he  design  objective 
was  to  maintain,  as  much  as  feasible,  the 
entrainment  mechanism  but  to  provide  it, 
not  with  secondary  air  only,  but  with  flash- 
ing water  and  an  internal  recycle.  The  an- 
nular space  around  the  diverging  section 
was  the  mechanism  projected  to  achieve  hot  h 
these  phenomena.  Rased  on  the  cross  sec- 
tional area  of  the  annulus,  the  following 
internal  recycle  augmentation  rates  for  the 
J - 7 9 we  r e pro  j e c t e d : 


TARhh  7.1 

lyf feet  of  Recycle  on  Augmentation  Ratio 


I nternal 
Re eye  1 e 
Ve 1 oc i t y 
sfps 

Recyc 1 e 
Sl'CS 

Flow 
1 b / s e c 

Internal 
Augmentat ion 
Ratio 

so 

6SS 

S2  . 9 

0.29 

100 

1 .SI  0 

1 OS  . 8 

0.  S9 

ISO 

196S 

1 S8  . S 

0.88 

200 

2620 

211.6 

1 . 08 

Thus  by  air 

flow  recycle 

alone,  assuming 

an  augmentation  ratio  of  2.0,  reduction 
to  ratios  of  0.92  to  1.71  could  be 
achieved  within  the  recycle  velocity 
range  of  .SO  to  200  sfps,  provided  the 


r 


~a 
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7.2  (Cent  inued") 

Hypothesis  2 : (Cont inued J 

recyeie  air  is  introduced  at  tiie  venturi 
throat.  If  the  recycle  air  does  not  re- 
turn at  the  throat,  no  significant  ef- 
fect will  occur.  An  additional  and  major 
factor  for  the  reduction  of  augmentation 
is  that  the  recycle  flow,  entering  tlie 
augmenter  at  the  throat  of  the  venturi, 
carries  unevaporated  water  in  the  stream. 

If  it  enters  at  the  periphery  of  the  jet 
exhaust,  it  can  flash  to  a vapor  thus 
satisfying  a part  of  the  need  for  jet  ex- 
haust entrainment.  This  type  of  augmen- 
tation is  most  desirable  because  it  ful- 
fills the  system's  dual  need  for  thermal 
and  momentum  transfer.  The  steam  augmen- 
tation is  also  condensible  and,  therefore, 
does  not  burden  the  pollution  control  sys- 
tem with  non - condens i b 1 e flow. 

The  problem  in  design  was  that  the  quanti- 
tative prediction  of  the  quantity  of  drop- 
let flow  back  to  the  throat  is,  to  say  the 
least,  difficult.  However,  spray  orifices 
were  located  near  the  trailing  edge  of  the 
diverging  section  of  the  venturi  in  order 
to  maximize  the  recycle  quantity. 

Hypothesis  ■.  The  air  scoop  was  incorporated  in  the  de- 
sign in  order  to  maximize  the  recycle. 

The  recycle  phenomenon  should  occur  be- 
cause of  decrease  of  the  velocity  of  the  ^ 

gas  stream  as  it  expands  into  the  diverg- 
ing zone  of  the  venturi.  Inasmuch  as  the 
ratio  of  the  two  cross  sections  is  2.b, 
the  system  gas  flow  will  have  a ratio  of 
6.7  velocity  heads.  With  a total  augmen- 
tation ratio  of  2 (sum  of  external,  re- 
cycle, and  flash),  an  increase  in  static 
pressure  of  7i  to  .‘i  in.  w.g.  was  estimated 
at  the  trailing  edge  of  the  diverging  sec- 
tion of  the  venturi.  This  increase  in 
static  pressure  is  theoretically  capable  j' 

of  causing  a recycle  rate  in  the  annular  ii 

section  as  high  as  800  fps  exclusive  of  ■ 

friction  and  reversal  losses.  I 


\ 
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7.2  [Cont i nuedl 

Hypothesis  5:  (Continued) 

The  air  scoops  were  placed  in  the  augmen- 
ter  on  an  experimental  basis  in  order  to 
aid  the  turnaround. 

Hypothesis  4:  The  core  buster  in  aerodynamic  form  was 

placed,  in  removable  condition,  in  the 
augmenter  if  final  destruction  of  the  jet 
core  was  required.  The  maximum  Jet  dia- 
meter (d-79  AB)  was  28  inches.  iinder 
these  conditions,  it  would  naturally  dis- 
sipate at  a distance  of  20  feet  from  the 
engine  discharge.  Inasmuch  as  the  aug- 
menter was  only  12  feet  long,  it  was  in- 
dicated that  the  possiliility  existed  for 
presence  of  the  hot  core  at  the  termina- 
tion of  the  augmentei. 


7.5  aiicmi;.\ti;r  - thi:ort,tical  i:vai,uatio.\ 


7.5.1  The  use  for  augmentation  in  the  test  cell  has  been  justi- 
fied on  the  basis  of  cooling  the  exhaust  gases  from  the 
jet  engines  for  protection  of  structure  and  sound  attenu- 
ation equipment,  cooling  of  the  engine,  and  stab i 1 i ca t ion 
of  the  engine.  Thus,  a large  quant itv  of  augmented  air 
was  desired  as  long  as  drag  turbulence  in  the  cell  and 
the  velocities  in  the  acoustic  treatment  section  were  with- 
in acceptable  limits.  However,  with  the  imposition  of 
the  pollution  control,  the  total  gas  flow  becomes  criti- 
cal because  of  its  effect  on  ca]'>ital  and  operating  costs, 
and  size  of  the  pollution  control  system. 


7.5.2  The  objective  of  the  TliSl  augmenter  system  was  to  minimize 
the  non -conden s i b 1 e gas  flow  without  affecting  the  engine 
operation.  The  theoretical  evaluation  w.as  made  to  guile 
the  achievement  of  this  objective.  I'he  following  assumii- 
tions  were  made  in  the  model: 
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7.3.2  (Continued) 

(i)  Ideal  gas  law  is  valid. 

(ii)  Hnergy  loss  in  droplet  formation  is  negligible. 

(iii)  Gas  leaving  the  augmenter  is  saturated  with 
water  vapor. 

(iv)  frictional  losses  are  considered  negligible 
except  for  the  recycle  flow. 

(v)  Gases  leave  outlet  stack  at  ambient  pressure. 

TABLE  7-2 

NOMENCLATURE  FOR  AlIGMENTIiR  nERI\  ATIO\ 


Augmenting  Air'. 


0.. 


A, 


Relative  Mass  Rate,  1 bin  / sec  ^ 

Ibm/scc . of  engine  exhaust 

Relative  Temperature,  augmenting  air  temp.,  °R 

engine  exhaust  temp . , 

Relative  I’ressure,  ambient  air  pressure 

engine  exhaust  pressure 

Relative  Flo w Area,  flow  are a for  augmenting  air 

area  oT~ engine  exhaust 


Water  : 


V 


T 

w 

A 


Relative  Mass  Rate,  1 bm / s e c . of  wa  t e r 

Ibm/sec . of  engine  exhaust 

Temperature  of  water,  °I- 

Latent  heat  of  vaporization 


Specific  heat  of  water 
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Water  : 


TABLIi  7-2 


fCont i nued) 


( Cent i nued ) 


Relative  \'clocity,  velocity  of  water 

velocity  oi  engine  e .x ha u s t 

angle  of  water  injection  with  respect  to  axis  of 
the  augmenter. 


lingine  lixhaust  : 


Mach  \o. 


7.3.3  (Continued) 


Momentum  balance: 


1 


I + P A - A I P 
a a o I o 


n“e. 
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(■’o  ■ 


- P A 
o o 


P A 
o o 


R, 


u-e„ 


V Xco  ?0 


P A 
a a 


1 
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7.3.5  (Cent inued) 


The  above  equations,  derived  for  a fixed  geometry  and 
given  engine  parameters,  are  quite  general.  The  vari- 
ables in  these  equations  are  explained  in  TARLh  7-2). 
The  variables  - namely  pressure,  temperature,  flow 
areas  and  mass  rates  - are  made  dimensionless  based 
on  the  engine  parameters. 

liquations  7-1,  7-2,  and  7-3  are  conventional  mass,  mo- 
mentum, and  energy  balances.  liquations  7-4  and  7 - .3 
relate  the  partial  pressure  of  water  at  saturated  con- 
ditions as  a function  of  temperature  in  the  range  of 
1 30  ° P - 1 70°  F . liquation  7-6  relates  the  augmenter  out- 
let pressure  as  a function  of  the  outlet  velocity, 
liquation  7-7  describes  the  pressure  drop  for  recycle 
flow  assuming  non - compre ss i bl c isothermal  flow. 

The  above  equations  7-1  through  7-7  define  the  simpli- 
fied augmenter  flow  conditions.  In  general,  knowing 
the  geometry  and  the  engine  exhaust  juirameters,  there 
are  eight  unknowns: 


a n d n 


Thus,  it  is  possible  to  obtain  the  values  of  first 
seven  unknown  variables  for  an  assumed  value  of  the 
* . eye  1 e . (n ) . 

The  major  difference  between  this  model  and  that  pre- 
sented in  the  initial  report  (Cont.  \o . N6 2 4 6 7 - 70 - C- 
0078)  is  consideration  of  the  effect  of  saturation  of 
the  gas  and  the  recycle  phenomenon. 


7.3.4  CALCUI.ATION’S 


The  simultaneous 
carried  out  on  a 
ried  out  for  the 


solution  of  the  design  ec|uations  was 
computer.  The  calculations  were  car- 
following  data  : 


.3.4  (Continued) 
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J-79-8  MAX  A/B  TI--30-P8  MIL 


Mass  flow, 

1 bm/ sec 

Temperature,  °F 

Lxhaust  pressure, 
PS  I A 


514  0 


Lngine  nozzle  dia, 
Dew  Point,  °F 


50-1/8 


26-5/8 


(B)  Ambient  air: 

Temperature  = 80°F 


He  u-  Po  i n t 


Pressure 


14.7  PS  I A 


(C)  Water: 


Temperature  = 80°F 

Angle  of 

Injection  = 90° F 


I n J ec  t i on 
Vel oc  i t V 


80  f t / sec 


(D)  Outlet 

Stack  Area 


80  ft“ 


Pressure  at 
Outlet  of 

Stack  = 14.7  PSIA 


(F)  Recycle  Flow  Annulus: 


Long  t b : 


4.0  ft, 


Frictional  coefficient 


equivalent  dia.  - 1.5  ft 
0.05  (assumed) 


7.4  DISCUSSION'S 


7.4.1  In  the  earlier  study  (Contract  No.  N62467  - 70 - C - 0078 ) , 
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7.4.1  (Cont  i line  J ) 

pp . 20),  it  was  established  that  the  air  augmentation 
could  be  minimized  by  manipulation  of  the  augmenter 
dimensions.  from  the  present  theoretical  study,  the 
effect  of  changing  augmenter  dimensions  is  indicated 
in  figures  7-5  and  7-4,  and  TABLl:  7-4). 


7.4.2  Ihe  decrease  in  relative  augmentation  flow  area  at  a 
constant  outlet  area  brings  about  a decrease  in  aug- 
mentation ratio.  (Figure  7-3).  This  effectiv'^c  "close- 
coupling" is  dependent  upon  the  engine  location  with 
respect  to  tlie  inlet  cone  and  the  jet  c.xhaust  diameter, 
for  example,  for  engine  locations  away  from  the  inlet 
cone,  the  limiting  constant  and  its  magnitude  is  deter- 
mined by  the  annulus  between  the  engine  exhaust  core 
and  the  venturi  throat,  or  radial  distance  to  converg- 
ing throat  (if  controlling).  Thus  beyond  a given  point, 
the  distance  of  the  tailpipe  from  tlie  throat  should  not 
affect  augmentation  ratios  greatly. 

Therefore,  it  is  implied  that  the  augmentation  ratio 
will  be  vary  greatly  with  change  of  distance  of  the 
jet  exhaust  to  the  throat.  This  was  confirmed  with 
the  Tf-30  (I'ABLli  "-3).  However,  a 15o  to  20"  increase 
in  augmentation  was  observed  in  the  case  of  the  J-79 
(Military  firing)  at  a critical  distance  change  from 
14"  to  the  16"  position  (TABLE  7-3). 

for  .1-79-8  engine  at  .Max.  ,\/B  rating,  the  engine  loca- 
tion will  be  critical  in  that  the  limiting  augmentation 
flow  area  could  be  determined  by  the  clearance  between 
the  engine  shroud  and  the  inlet  cone.  With  engine  core 
expansion  to  a diameter  of  33"  at  the  36"  venturi  throat, 
the  relative  augmentation  flow  area  is  0.22  and,  conseq- 
uently, augmentation  ratio  was  predicted  to  be  about 
0.65  (TABLE  7-4).  These  values  of  augmentation  ratios 
are  in  range  of  the  observed  limits  (0.55-0.94  ).  (T.XBLE 
7-3).  ilie  lower  values  of  augmentation  achieved  in 
test  work  may  be  attributed  to  boundary  eddies  developing 
in  the  jet  enhaust,  resulting  in  an  effective  decrease  of 
the  augmentation  area. 


7.1.3  for  a constant  relative  augmentation  flow  area,  the  aug- 
mentcr  performance  with  respect  to  variations  in  outlet 
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diameter  is  shown  in  Figure  7-4.  As  the  downstream 
outlet  diameter  increases,  the  e.xhaust  gases  are  slow- 
ed down  and,  consequently,  the  augmentation  ratio  is 
increased.  Conv'ersely,  it  is  possibic  to  decrease 
the  augmentation  ratio  by  decreasing  the  outlet  dia- 
meter. 


7.4.4  For  the  J-79-8  engine  at  Max.  A/B  condition,  the  calcu- 
lative  saturation  temperature  is  in  tlic  range  of  160°  I - 
175°F  and  is  relatively  independent  of  the  augmentation 
ratio. 


7.4.5  At  first  glance,  the  theoretical  analysis  indicates 

(see  computer  results,  TABLF  ”^-4)  that  for  a given  geo- 
metry, the  recycle  ratio  does  not  affect  the  augmenta- 
tion ratio.  This  behavior  was  observed  in  the  actual 
data  when  the  recycle  flow  was  blanked  off.  Referring 
to  Figure  7-4,  it  is  seen  that  the  augmentation  in- 
creases with  the  increase  in  the  outlet  diameter  for  a 
constant  augmentation  flow  area.  Inasmuch  as  the  pre- 
sence of  recycle  flovv  has  an  effect  of  decreasing  the 
outlet  velocity,  the  total  augmentation  may  increase. 
However,  with  the  partial  augmentation  requirements 
supplied  by  the  recycle  flow,  the  induced  non - conden s i - 
ble  augmentation  may  still  remain  constant.  It  is  be- 
lieved that  for  the  recycle  flow  to  reduce  the  induced 
non - condens ib 1 e augmentation,  the  injection  of  recycle 
flow  must  be  obtained  at  the  inlet  cone  such  that  simul- 
taneous reduction  in  augmentation  flow  area  is  achieved. 
Inasmuch  as  this  effect  of  reducing  augmentation  area 
by  the  recycle  flow  was  not  accounted  for  in  the  theoret- 
ical model,  the  theoretical  analysis  was  incomplete  and 
no  augmentation  effects  were  predicted. 


7.4.6  In  the  earlier  study  (Contract  N'o . N’62467-  7n-C-  0078  , 

pp.  1-6),  it  was  pointed  out  that  the  (lucnch  input  down- 
stream of  the  augmentcr  forcing  cone  would  not  affect 
the  degree  of  augmentation.  (Figure  7-5).  This  be- 
havior is  also  established  in  Figure  7-3,  where  it  is 
seen  that  augmentation  ratio  is  essentially  independent 
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of  irrigation  at  a constant  outlet  area  condition.  Data 
obtained  by  N'ARP  personnel  for  the  TF-.'SO  and  .1-79  en- 
gines indicated  no  statistically  valid  decrease  in  aug- 
mentation for  the  J-79  with  introduction  of  6D0  CPM  of 
quench  as  opposed  to  no  water  and  ajiprox  i ma t e 1 y 8°  re- 
duction (within  range  of  accuracy  of  the  datal  for  the 
TP-.IO  with  the  same  water  variation.  (TARI.H  7-41. 


Hl  FliCT  01'  THSI  AUr.MIiNTFR 
ON  TOTAL  AIR  I'i.OU' 


TARLL;  1-7, 


L NO.  INI-; 

Alir.MP.NTLR 

CONDITION 

OPERATION 

MODE 

QllIE.'Cll 

CPM 

Alir.MILNTE.R 
RAT  I 0 

AIR  PLOW 
ER/.si;c 

J52-P6 

Old  Augmcntcr 

Mill  tary 

0 

1 . 0 

4 1 1 

,152 -PS 

New 

■M  i 1 i tary 

20  0 

1.26 

51  7 

Now 

.'•!  i 1 i tary 

2 00 

1 . 4.5 

54  1 

.152 -8R 
c'lu; 

New 

pos  i t i on 

.'I  i 1 i t a r >' 

1 00 

1 . 50 

522 

T1-50-P8 

Old 

.Augment  er 

Mill tary 

0 

2.12 

84  5 

Old 

Aug  . + I- . C . 

.'^1  i 1 i t a r y 

0 

1.11 

5 69 

Old 

Aug  . + I- . 

Mill tary 

0 

1.21 

596 

Old 

.Aug  . + F . C . 

Mill tary 

0 

1 . 54 

6 5 5 

•New 

-.Mod.  Cone 

.^1  i 1 i t a r y 

2 00 

0. 58 

.5  ” 5 

New 

- 7"  clear 

Mil i t a r y 

1 5 0 

0 . 60 

155 

.New 

• 12"  clear 

Mi  1 itary 

1 50 

0 . 6 6 

44  8 

New 

- 12"  clear 

.■^1  i 1 i t a r y 

1 5 0 

0 . 67 

4 52 

New 

. 7"  clear 

Military 

1 5 0 

0.68 

4 5 5 

New 

-16"  cl  ear 

Mi  1 itary 

2 00 

0.54 

4 16 

New 

- ""  clear 

M i 1 i tary 

1 5 0 

0.68 

4 55 

New 

1 6"  c 1 ea  r 

M i 1 i t a r y 

2 00 

0.54 

4 1 6 

T1-50-P6 

Old 

Aug . + 1 

. C . 

.Mil  i tary 

600 

1.19 

5 7"' 

Old 

Aug . + 1 

■ . C . 

Mi  1 i t a r V 

0 

1 . 5 

622 

; 7 9 - 8 R 01  tl 

Aug.+  1 

.■^li  1 i tary 

0 

2 . 1 

561 

Old 

.Aug.+  F.  C. 

Mill tary 

600 

2 . 08 

5 54 

New 

16" 

Mi  1 itary 

2 00 

1.25 

4 0 5 

.New 

16" 

Mi  1 i t;i  ry 

2 00 

1.25 

4 02 

New 

14" 

Mil itary 

200 

1 . 06 

5 •’I 

New 

1 4" 

Mill tary 

200 

1.02 

5 6 5 

.New 

T * 

Mil  i t a ry 

2 00 

1 . 06 

5 7 1 

New 

1 4" 

Mi  1 itary 

2 00 

1.10 

.5  7 7 

Old 

Aug . + F . C . 

MA.X  A/R 

60  0 

1 .9 

52  1 

.New 

+ 2 " 

MAX  A/R 

1 000 

1.06 

5 70 

New 

+ 2 " 

MAX  A/R 

1 000 

0.55 

278 

New 

+ 14" 

MAX  A/R 

1 000 

0.94 

5 5 0 

New 

+ 14" 

MAX  A/R 

1 000 

0.  70 

525 

•New 

+ 14" 

MAX  A/R 

1 00  0 

0 . 8 5 

552 

New 

+ 2" 

MAX  A/R 

1 000 

0.78 

52  0 

New 

+ 14" 

MAX  A/R 

1 000 

0 . 8 5 

5 2 9 

■New 

+ 2" 

MIN  A/R 

1 000 

0.82 

527 
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TABLE  7.4  (A) 

MODEL  PREDICTED  AUGMENTATION  RATIOS 
FOR  J-79-S  engine  AT  MAX  A/B 


Outlet*  Exhaust  Irriga- 


Rec i rcul a - 
t ion  Ratio 

Aug.  Area 
Ratio 

Pressure 

(IN-UtO) 

•Area 
Rat  io 

Aug . 
Ra  t i o 

t i on 
Ra  t i o 

Sa  t . Temp 
(°F) 

A 

p 

u 

V 

a 

o 

0 

0, 

. 0 

0 

. 1 0 

-20. 

7 5 

5 

.14 

0. 

.48 

0 

.87 

173 

0, 

. 0 

0 

. 30 

-31 . 

1 0 

5 

.14 

0, 

, 77 

0 

.80 

1 6 7 

0, 

. 0 

0 

. 50 

-35  . 

09 

5 

. 14 

0, 

, 9 3 

0 

. 78 

160 

0. 

, 0 

0 

.70 

-37  . 

5 6 

5 

.14 

1 , 

. 0 0 

0 

.77 

1 58 

0, 

, 0 

0 

. 90 

-38  . 

02 

5 

. 14 

0 , 

.98 

0 

. 76 

1 60 

0 , 

. 0 

0 

. 34 

-23. 

.'8 

6 

.00 

1 , 

.10 

0 

. 86 

1 6 5 

0. 

, 0 

0 

. 34 

-16. 

7 9 

8 

. 00 

1 , 

, 54 

1 

. 0 7 

1 66 

0, 

, 0 

0 

. 34 

_ 7 

] 6 

1 0 

. 00 

1 . 

, 90 

1 

. 36 

1 68 

0. 

. 0 

0 

. 34 

- 4. 

4 7 

12 

. 00 

1 

,19 

1 

.69 

171 

0, 

.27 

0 

. 34 

-32  . 

26 

5 

. 14 

0 , 

. 82 

0 

.80 

1 66 

0. 

,41 

0 

. 34 

-32  . 

3 2 

5 

.14 

0 . 

,82 

0 

.80 

166 

0, 

, 54 

0 

. 34 

-32  . 

42 

5 

.14 

0. 

,82 

0 

.80 

166 

0, 

,68 

0 

. 34 

-32  . 

4 8 

5 

.14 

0 . 

,83 

0 

. 8 0 

166 

0, 

, 82 

0 

. 34 

-32  . 

53 

5 

. 14 

0. 

8 3 

0 

. 8 0 

1 66 

0, 

.95 

0 

. 34 

-32. 

54 

5 

.14 

0 . 

,83 

0 

.80 

1 66 

1 , 

. 09 

0 

. 34 

-32. 

4 5 

5 

. 14 

0. 

82 

0 

. 8 0 

166 

*Static  pressure  in  inches  w.g.  at  the  augmenter  outlet. 
NOT AT  I ON : n - Recirculation  Ratio 


A,j  - Augmentation  Area  Ratio 

Ap  - lixhaust  Area  Ratio 


V 


[ rr  igat ion  Rat i o 


1 
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TABLE  7.4  (B) 

MODEL  PREDICTED  AUGMENTATION'  RATIOS 
TOR  Tr-50-Pg"  eNCINF.  AT  MTl. 


Rec i rcul a - 
t i 0 n Ratio 

Aug.  Area 
ka  t i 0 

Outlet* 
I’re  s sur  e 
(lN-ll-)0) 

Exhaust 

Area 

Ratio 

Aug . 
Rat  io 

I r r i g a 
t i on 
Ra  t i o 

Sat.  Temp 

n 

A 

a 

P 

0 

A 

0 

IJ 

V 

0 . 0 

0.10 

-37.29 

6.5  5 

0.46 

0.38 

1 5 7 

o 

o 

0.30 

-42.27 

6.5  5 

0.79 

0.2  7 

143 

o 

o 

0.5  0 

-50.15 

6 . 5 5 

1 . 00 

0.22 

136 

o 

o 

0.70 

-55.23 

6.55 

1.17 

0.20 

1 31 

0.0 

0.80 

-55.23 

6.55 

1.25 

0.19 

129 

^Static  pressure  in  inches  w.g.  at  the  augmenter  outlet. 

NOTAT I ON : n • Rcc i rcul at  ion  Ratio 

A 

a 
A 

o 


V 


Augmentation  Area  Ratio 
Exhaust  Area  Ratio 
Irrigation  Ratio 
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PERFORMANCE: 

Effluent  From  Engines  and  Recovery  by  Scrubber  * 


8.1  In  order  to  establish  the  severity  of  the  problem  of 

control  of  emissions,  the  quantity,  concentration,  and 
particle  size  distribution  of  the  jet  engine  emissions 
were  investigated  at  the  exhaust  of  Jet  Test  Cell  at 
Black  Point,  .Jacksonville  Naval  Air  Station. 

Emission  levels  were  obtained  by  NARI-  Chemical  Serv'^ice 
Laboratories  at  NAX-NAS  and  Envi ronment/Onc . Particle 
size  distribution  was  established  by  F.nvi  ronment/One 
and  solids  captured  by  the  scrubber  were  determined  by 
the  NARF  Chemical  Service  Laboratories.  (Sampling 
technique  bv  Env i ronment/One  is  indicated  in  Appendix 
8A)  . 


It  should  be  noted  that  as  a result  of  severe  maldis- 
tribution in  the  gas  flow  pattern  in  tlie  exhaust  stack 
of  Test  Cell  1,  the  determination  of  the  emission  level 
was  difficult.  A "core"  of  high  velocity  (exceeding 
260  fps)  occupied  approximately  20o  of  tlie  total  stack 
area  (Figure  8-1).  The  variations  in  concentrations  of 
particulates  in  each  area  sampled  arc  indicated  as  fol- 
1 ows  : 


(SEE  FOLLOW  INC  PAGE  FOR  TABLE  8-1) 


* 


(Analytical  Methods  and  Procedures  - Appendix  8A) 
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TABLE  8-1 


Point 

Ma  s s 

collected  grams 

Ve 1 oc i t V 
(fps)' 

Temperature 

°r 

.J-79  Normal 

1 

. 0030 

120 

4 00 

Time  Sampled 

7 

. 0024 

230 

4 00 

5 min. 

3 

. 0014 

60 

4 00 

4 

. 0019 

2 26 

400 

5 

. 0022 

>260 

4 00 

b 

. 0029 

1 6 5 

4 00 

t Reported) 

Min.  AB 

1 

. 0029 

1 30 

34  5 

Time  Sampled 

T 

. 0038 

260 

410 

4 min. 

3 

. 0022 

98 

32  0 

4 

. 0033 

165 

4 1 n 

5 

. 0025 

>2  60 

32  0 

6 

. 0033 

1 8 4 

34  5 

Ma.\.  AB 

1 

. 0066 

1 6 3 

37  5 

Time  Sampled 

. 003  5 

>2  60 

37  5 

4 m i n . 

3 

. 004  5 

1 05 

37  5 

4 

. 0 04  9 

1 65 

37  5 

5 

. 0066 

'260 

37  5 

6 

. 0053 

165 

37  5 
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8.2  The  average  emissions  established  in  the  tests  made  are 
tabulated  and  compared  with  the  "grain  loading"  calcu- 
lated on  the  basis  of  the  solids  collected  in  the  scrub- 
be  r . 


TABI.i:  8-2 

PARTI  CULATT  HMISSTONS  PROM  ,IP,T  F.N’GIXKS  IX  TEST  CELL 


E M I S S r 0 X S - C R A 1 X S / S C E 

Based  on  Solids 
Collected  in 

EXGIX'E  MODE  EXV/OXE-  1 XARP  EXV/OXE- 2 Scrubber  Water  / ^ 

(Docs  not  incluJc  drainl 


J-79 

IDLE 

0 . 0092 

0.0153 

0.0029 

XORMAL 

0.0234 

0.0131 

MILITARY 

0.021 

0.0348 

0.0388 

0.06  5 

AB 

0.059 

Quest  i on  ail  1 e 

0.08 

J-52 

IDLE 

0.0034 

0. 0044 

XORMAL 

0.01 57 

MILITARY 

0.0059 

0.0128 

0.0088 

0.041 

TP- 30 

IDLE 

0.0079 

0 . 006 

XORMAL 

0.0079 

0.0083 

MILITARY 

0.0054 

0.0096 

0.054 

Kev : 

- 

1 - Gas  flow  on  which  loading  is  based: 


J-79 

Mil 

320,000 

sc  fm 

table:  7-1 

J-79 

A/B 

260,000 

sc  fm 

TABLE  7-1 

J-79 

Xo  rma 1 

300,000 

sc  fm 

Assumed 

J-79 

Idle 

200,000 

sc  fm 

Assumed 

TP -30 

Mil 

350,000 

sc  fm 

TABLE  7-1 

TP- 30 

Xorma 1 

300,000 

sc  fm 

Assumed 

TP- 30 

Idle 

200,000 

sc  fm 

Assumed 

J-52 

Mi  1 

350,000 

sc  fm 

Assumed  ’ 

J-52 

Normal 

300,000 

sc  f m 

Assumed 

Idle 

200,000 

sc  fm 

Assumed 

Solid  s 

col lected 

at  base 

of  stack 

were  not  measured 

7)  - A portion  of  the  particulates  were  collected  prior  to 
this  sample  because  of  condensation  in  the  stack  and 
the  internal  section  of  the  scrubber.  This  is  evi- 
dent from  the  total  black  coating  of  the  internals. 
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8 . 2 (Cont inucd) 

The  effect  of  high  concentration  pockets  that  may  not 
hav^e  measured  in  "averaging"  tests  in  the  large  cross 
section  stack  was  raised  when  data  became  available  re- 
garding the  particulates  recovered  in  the  scrubber, 
the  solids  collected  in  the  scrubber  water  at  military 
mode  ranged  from  1.3  to  5.6  times  that  indicated  by  the 
gas  effluent  tests. 

A comparison  of  particulate  loadings  obtained  from  the 
point  gas  sampling,  those  based  on  solids  collected  in 
the  scrubber  water,  and  data  obtained  by  other  sources 
are  indicated  in  TABU;  8-3.  Although  the  engines  are 
not  the  same,  they  are  all  turbofans  with  the  JT8n  con- 
sidered "dirty"  and  the  .ITPD  considered  "clean." 


Tb\B_Lb  8-3 

COMPARISON  OF  PART  1 ClIl.ATF  LOAPINGS 
FOR  TURBOFAN  liNCINliS  BASF.D  ON  GAS 
S AMPLING  IN  STACK,  IVATF.R  RFXOVF.RY  , 
AND  liXTFRNAI,  HATA  SOURCTS 


Part i dilate  Loadi n g Grains/SCF 


From  Gas 
Coll.  (Av ) 

F rom 

Scrubber 
Water  and 
li.xiiaust  Gas 

P f,  W 

Northern 
Re  sea  rch 

IDLE 

0 . 0079 

0.006 

(200,000  scfm) 

0.002 

NORMAL 

0.0079 

0.0083 

(300,000  scfml 

0.025 

MILITARY 

0 . 0096 
0.0054 

0.054 

(400,000  scfml 

0.022 

0 . 0 1 (1 
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8 . 2 (Coat inued) 

Discussions  were  held  with  Pratt  and  K’hitncy  personnel 
whose  most  recent  data  indicate  that  inorganics  consti- 
tute a significant  portion  of  the  total  emissions,  and 
carbonaceous  material  loading  appears  to  be  low.  The 
major  concern,  however,  is  that  the  capture  of  the  sub- 
micron  carbonaot-ous  part  ic3,ulates  by  normal  probes  may 
be  poor  and  normal  gas  ana'lysis  of  engine  emissions  may 
be  erroneous.  The  material  captured  by  the  nucleation 
scrubber  may,  therefore,  be  the  only  realistic  measure 
of  engine  emissions. 

It,  therefore,  appears  that  tlie  early  data  taken  at 
high  flows  at  the  stack  level  was  subject  to  severe  er- 
ror, especially  at  high  flows  where  maldistribution  was 
evident  [Figures  10-1,  10-2,  Chapter  101.  Ihe  particle 
loading  obtained  by  gas  sampling  appears  to  be  less  at 
military  conditions  than  indicated  by  eitlier  the  engine 
manufacturer  or  .Northern  Research.  At  this  condition, 
however,  the  recovered  material  indicates  that  tiie  measure- 
ments by  the  engine  manufacturers  may  be  low  by  a factor 
of  2 to  a . 

8 . The  particles  recovered  from  the  gas  stream  with  no 

spray  section  used  in  the  augment"''!'  were  analyzed  for 
particle  size  distribution  [Figures  8-2  to  8-7).  It  is 
indicated  by  population  count  that  approximately  80-90" 
are  less  than  1 micron  in  diameter.  Approximately  dO-.'SOo 
by  weight  are  less  than  1 micron  in  diameter.  This  in- 
formation is  similar  to  that  transmitted  by  Pratt  and 
Whitney.  The  Pratt  and  Whitney  study  indicated  a 0.01- 
1.0  micron  range  of  particle  size  with  a mean  particle 
size  of  0.1  mic ron . 

It  was  suggested  in  the  initial  study  [No 2 4 h? - 70 - C - 00 7 8 | 
that  there  existed  a tendency  for  agglomeration  of  the 
particles.  As  indicated  in  the  study,  "Hvidence  of  the 
agglomeration  tendency  indicated  in  the  photomicrographs 
obtained  at  Pratt  and  Whitney  Aircraft,  where  both  chain 
and  cluster  agglomerates  of  carbon  particles  arc  well 
identified  with  chain  lengths  exceeding  20  particles  in 
many  cases . " 
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8.4  Samples  of  scrubber  liquid  effluent  indicated  that  ag- 
glomeration occurred  at  variotis  times  during  recovery 
in  the  scrubber.  The  particles  were  highly  visible 
and  achieved  sizes  estimated  to  lie  in  the  .'i-20  micron 
range.  At  other  times,  no  agglomeration  was  evident 
and  stable  suspensions  occurred  in  the  scrubber  water. 
The  density  appears  to  be  lower  than  that  anticipated 
for  carbon.  As  solid  carbon,  the  specific  gravit)' 
should  be  in  the  range  of  1.2-1. 8.  However,  the  sta- 
bility of  suspensions  almost  colloidal  in  the  base,  in 
.1-79  operations,  implies  that  the  p.irticles,  inherent- 
ly hydrophobic,  arc  coated  with  .IP-.S  or  degraded  .IP-5 
products,  thus  lowering  the  specific  gr.avity  to  the 
range  of  1.0  to  1.5. 


8.5  The  quantity  of  the  recovered  materi.il  is  higher  than 

anticipated  from  gas  ph.ase  anal\-sis.  Irom  measurements 
taken  by  XARP  (figure  8-8),  it  is  indicated  th.at  as 
much  as  5(i-44  PPM  of  undissolved  solids  .accumulated  in 
the  scrubber  water  during  military  mode  for  both  the 
.1-79  .and  TP-50.  Thus,  for  a ISO  Ib/sec  engine,  the  cap- 
tured solids,  formerl)'  depositing  .as  fallout  on  the  com- 
munity, were  accumulated  at  the  rate  of  140-170  Ib/hr 
at  mill tary  mode . 

Based  on  1 0 hour  operation  (.Norfolk  pattern),  the  fall- 


out  (e.xclusive  of  unburned  fuel  at 
goes  back  in  the  sump)  for  a .1-79 
foil ows : 

;\/B,  part  of  which 
or  TP -50  test  is  as 

TABLP,  8-4 

PRO.JIiCTPD  PALLOUT  PROM  P 

NHIN'P;  TP..ST 

CPl.L 

Pa  1 lout 

- lbs* 

0 

0 

Hours 

.1-79 

TP'  - 50 

Mil  and/or  ;\/B 

4 5 

7 . 2 

126  0 

1 04  0 

NR 

4 0 

(1 . .1 

2 05 

105 

Idle 

1 0 

1 . (1 

1 5 

(1 

r u r n a ro  u n d 

5 

0.8 

TOTAL 

1 00 

lb.  0 

1 178 

1 1 4 9 

* fh i s does  not 

i nc 1 ude 

solids  th.at 

were  collected  in  the 

scrubber  plenum  and  dropped  into  the  stack  dr.ain.  The 
effluent  estimate  is,  therefore,  conservative. 


TART  1 1 1 
Ch.iptc  r~T 


(Conti  micd ) 

The  fallout  from  the  1 1,000  lb  thrust  eni>ine  (exclusive 
ol  A/H,part  of  which  appears  to  have  lieen  discharged  in- 
to the  sump ) is  o i the  order  of  0 . (>  to  . 7 S t on  s / o pe  r a t - 
ing  day.  Inasmuch  as  CBC  disch.’irge  (d-.SZ  CBC)  is  of 
the  same  order  of  magnitude,  the  discharge  from  a 35,000 
lb  tlirust  engine  could  he  of  t l\e  order  oV  1.9  to  2.l’ 
t on  s/ope  r.i  t i ng  day. 
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TEST  Scrubber 
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Chapter  9 


PliRFORNUXCE: 


The  scrubber  was  in  stable  regime  over  the  entire  op- 
erating ranges  oT  the  engines  tested.  Tests  were  run 
with  the  following  engines: 


J - f 9 
TF-30 
J-52 

The  scrubber  is  now  on  production  ojieration  for  the 
J-52  and  IF -30. 

Typical  run  data  arc  indicated  in  TABTE  9-1,  and  field 
data  accumulated  as  a basis  for  TARI.E  9-1  arc  available 
in  Appendix  9 -A. 

In  the  runs  tubulated,  the  scrubber  water  I'low  ranged 
from  4500  Cl"'!  to  8300  CPM , although  a series  of  runs 
were  made  by  X.ARF  personnel  where  water  flows  as  low 
as  1000  GPM  were  used.  The  river  water  temperature, 
b0°F  to  74°F,  had  no  visible  effect  on  the  operation  or 
efficiency  of  the  scrublicr.  The  engines  were  tested  in 
tl^c  range  of  200  lb  to  1 7000  lb  thrust  with  quench  temp- 
eratures up  to  172°F  and  effluent  temperatures  up  to  an 
average  of  123°F  (Calculated  by  thermal  balance). 

The  thermal  transfer  in  the  scrubber  far  exceeded  the 
design  projection.  I'hc  design  calculations  were  based 
on  a K|j^  of  1 500.  At  afterburner  conditions  for  tlie 
.1-79,  outlet  water  temperature  of  1 30  - 1 35°F  was  predict- 
ed whereas  the  otitlct  water  temperature,  under  operating 
conditions,  was  168°F.  Thus,  the  thermal  transfer  was 
100  0 greater  than  indicated  in  design.  The  Ku.\  under 
the  operating  conditions  was  of  the  order  of  3000  - 4000 
Btu/(hr)  (ft-'’)  (Rtu/lb),  based  on  the  reduction  in  thermal 
gradient  . 
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The  Scrubber  responded  to  the  thermal  demand  of  the 
gas  stream.  Based  on  the  thermal  pick-up  by  the  water, 
in  excess  of  8S°6  of  the  energy  of  combustion  was  re- 
covered up  to  and  including  military  mode  at  maximum 
afterburner  (TABLli  9-1).  Tor  example,  for  tlie  J-79  in 
military  mode,  the  thermal  pick-up  was  152  x lOb  Btu/hr, 
whereas  the  thermal  value  of  the  fuel  burned  was  l(i9  x 
l()6  Btu/hr.  In  the  case  of  the  TT-30,  124  x 1 0"  Btu  was 
absorbed  b)'  tlie  water  while  the  fuel  \-aIue  was  149  x 105 
Btu/hr.  The  thermal  value  of  the  fuel  burned  was  S92  x 
lOb  Btu/lir. 

The  relationship  of  heat  absorbed  by  the  scruliber  and 
temperature  of  exhaust  gas  with  thrust  is  indicated  in 
figure  9-1.  I'hc  temperature  of  the  scrubber  exhaust 
is  constant  up  to  a thermal  load  of  100,000,000  Btu/lir. 
Beyond  this,  the  exhaust  aas  temperature  rose  to  a cal- 
culated maximum  of  125°f  (average)  at  a f terliurner  mode, 
at  a thermal  load  of  437,000,000  Btu/hr.  Tlie  observed 
effluent  gas  temperature  at  the  bottom  of  the  scrubber 
at  the  south  end  of  the  scrubber  was  measured  to  be 
150°f  to  150°F.  I'he  behavior  of  the  cross  flow  mechan- 
ism would  project  a gas  temperature  in  the  range  of 
13.S°f  to  150°f  at  this  effluent  point.  The  deviatioi; 
is  believed  to  have  been  caused  by  severe  maldistribution 
of  gas  effluent  in  the  test  cell  stack  with  the  majority 
of  the  gas  flowing  through  the  south  end  of  the  stack. 

An  implied  confirmation  of  this  phenomenon  is  indicated 
in  the  visual  observations  section  - (9.9.2),  whereiji 
baffles  placed  in  the  stack  to  minimize  the  ma Idi st r i ini- 
tion  were  found  to  have  been  subjected  to  velocities  in 
the  500  ft/sec  range  although  the  "average"  velocity 
should  be  in  the  50  ft/sec  range. 

9.5  The  pressure  drop  through  the  scrubber  was  original  1)' 

estimated  in  design  to  achieve  a maximum  of  4-5  in.w.g. 
during  afterburner  operation.  Measurement  of  the  static 
pressure  inside  the  scrubber,  ec[ual  to  the  pressure  drop 
through  the  packed  section,  was  complicated  by  the  con- 
sensation  of  water  in  the  transfer  lines  to  the  manometer, 


9.5  ( Cont i nued ) 

especially  in  military  and  afterburner  modes.  Read- 
ings as  high  as  12  in.w.g.  were  recorded  hut  were 
questionable  because  of  condensation  in  the  lead  lines. 

In  the  case  of  the  J-79  engine  test,  reliatile  read- 
ings up  to  1 in.w.g.  \vere  measured  up  to  a thrust  of 
6000  lb.  Subsequent  tests  made  by  militar>’  conditions 
for  the  .J-79  and  TF-50  were  "averaged"  b\-  manifolding 
the  probes  at  6 points  along  the  length  of  the  scrubber 
with  lead  lines  at  the  same  level  of  tiie  probes.  At 
military,  the  pressure  drop  througli  the  scrubber  was 
found  to  range  from  0.8  in.w.g.  to  1.1  in.w.g.  for 
both  the  d-79  and  TF-50. 

9.6  I'he  gas  flow  through  the  scrubber  was  c.ilculated  by 
the  application  of  augmentation  data  obtained  by  XARF 
personnel  prior  to  installation  of  tlie  scruliher.  One 
test  made  subsequent  to  the  installation  indicates  a 
reduction  in  augmentation  for  the  TF-.50  in  military  mode 
from  0.6  to  0 . .59 . This  would  represent  a 12".  reduction 
in  flow  .as  estimated  in  T.ABI.E  7-1.  In.asmuch  as  augmenta- 
tion data  were  only  acquired  by  .\.\RF  for  military  and 
afterburner  modes,  analysis  of  flows  were  c.alculated  for 
tlies  e cond  it  ions. 


•As  a result  of  installation  of  tlie  new  augmentor,  flows 
were  substantially  reduced  from  that  occuring  with  con- 
ventional .augmentor  design.  The  study  of  effect  on  gas 
flows  by  the  TH.Sl  augmentor  is  indicated  in  Chapter  5. 

The  effect  of  reduced  augmentation  flow  resulted  in  the 
decrease  in  pressure  drop  in  the  scrubber  and  a reduction 
in  the  correction  gas  flow  G/‘I>  in  lb/(hr)  (,  f t ^ ) from  2,260 
projected  to  1,850  actual,  a decrease  of  19a  in  mass  load. 
The  gas  flows  in  Ib/sec  at  augmen  t .at  i on  levels  measured 
by  ,\ARF  are  indicated  in  T.ABLli  9-1. 

The  g.as  flows  to  the  scrubber  from  the  stuck  ranged  from 
•14(',()00  to  180,000  .ACFM  at  ma.\imum  demand  conditions  and 
g.as  emission  from  the  scrubber  ranged  up  to  558,000  .\CFM, 
the  maximum  occurring  at  lF-50,  military  mode.  Although 
there  appears  to  be  a maximum  of  400,000  ACi-.M  exhaust  at 
.1-79  AB  mode,  this  is  believed  to  lie  incorrect  because  of 
elfluent  temper.!  tures  at  the  maldistribution  maximum  flow 
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point  and  at  tiu.'  lower  section  of  the  scrubi^er.  As 
indicated  in  Section  9-1,  the  calculated  a\'era';e 
effluent  gas  temiic  r at  ure  at  these  conditions  is  lflS°l' 
rather  than  the  lFiO°l'  - lhO°I-  measured  and  that  the 
effluent  flow  is  of  the  order  of  290,i'0()  ACFM. 

Operating  conditions  for  tiie  scrubber,  therefore,  in 
dicate  that  the  maximum  gas  flows  are  equivalent  to  a 
corrected  mass  flow  of  (1/ f = 1,8'h  at  inUt  and  1,01(1 
at  outlet,  both  values  well  within  the  capacity  of  the 
If.  SI  scrubber. 

The  ve  loci  tv  of  the  effluent  g;is  from  the  scrubber 
ranged  up  to  app  rox  i ma  t e 1 >•  b f]is  average'  at  maximum 
ope  ra  t i ng  coiul  i t i ons  . 

The  water  flow  to  the  scrubber  rangoii  up  to  d|OI. 

l'\v  en  t y - f i \-e  percent  of  this  flow  was  diverted  to  face 
sprays  in  order  to  protect  tlie  packing  and  siqiiiort  grids 
from  "hot  spotting."  The  remainder  (7.'i-SD°)  of  ('low 
vvas  used  for  irrigation  of  the  juicking.  The  irrigatioit 
of  the  packing  was  thus  1 1,700  lb/(hr)  (ft-)  ;it  maximum 
cond i t i ons . 

Stable  liquid  flow  operatioit  occurrcel  exce[it  for  11--30 
military  and  d-70  afterburner  conditions.  I'uring  these 
0]ierating  conditions,  consiuerable  overflow  occurred 
from  tlie  sides  of  the  water  sump.  Ihe  phenomenon  is 
reflective  of  an  inadequacy  of  the  approach  angle  of 
the  packed  section  and  maldistribution  of  gas  flow, 
ihe  angle  of  the  jiacked  face  to  the  vertical  is  l°4(i' 
witli  a lateral  displacement  of  the  bottom  of  the  face  to 
the  top  of  the  face  of  l.oS  ft.  (ibser  va  t i on  of  side 
overflow  indicates  that  the  water  exits  from  the 
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outside  face  at  a level  of  2 '-3'  r.hove  the  bottom 
support  plate.  I'hus  , the  lateral  displacement  should 
have  been  2'b"  rather  tiian  I'l”  v i i h the  angle  of 
attack  of  9 ° . 


Hvaluation  was  made  of  the  water  balance  in  the  system. 
The  basis  for  the  evaluation  was  the  w.iter  content  of 
the  gas  entering  the  scrubber  (qiiencli  water  eva[ioration 
and  the  water  content  of  the  gas  leaving  ti\e  scrubber. 
The  difference  is  the  make-up  water  required  for  scrub- 
ber operation  ('rABl.T.  9-2),  and  does  not  include  the 
cooling  tower  losses.  Ihe  make-up  losses  were  as  f n 1 
lows  : 


TAB Lb  9-2 


-OSS 

of  fresh  K'atcr 

in  Augment  or 

- Sc  rub be  r 

■ '.pye  rat  i 

K'a  ter 
■\et  Loss 
CPM 

Percent  of  Quench 
Requ  i reinent  s 

Percent 
of  q'uen 

J-79 

Mi  1 

0 8 

1 8 

8 2 

J-79 

AB 

M i n 

100 

2 3 

! 

.1-79 

AB 

Max 

1 

20  4 

21 

TP -30  Mil 

0 1 

2 1 

■'9 

^ C 

a 1 c u 1 a t e d 

from  I'hermal 

Ba 1 anc  e 

AlM’HARAXCIi  AlTliR  OPliRATlON 


9.9.1  Inspection  of  the  scrubber  subsec|uent  to  the  i n i t i ,a  1 
runs  indicated  no  deterioration  of  components.  Ihe 
packing  facing  the  stack  exhaust  section  liad  a coating 
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of  carbon  aiul  a[i|ioarod  more  translucent  tliaii  \vlien  or- 
i;4inally  placed  in  the  scrubber.  It  ua-  noted  that 
both  the  pratinp  and  the  iiackinp  on  the  south  end  of 
the  scrubber  uere  darker  than  tlie  sections  at  the  north 
eiKl  , iiii-licatinp  iiia  kl  i s t r i but  i on  in  the  scrubber  uith 
higher  flows  occurring  at  the  south  end. 


- I' i pe  baffles  were  installOkl  at  the  south  end  at  the 
top  ol'  the  stack  in  oiaUu'  to  red  i st  r i but  i,'  the  flows 
(lipure  r-i-2  I.  1 n i t 1 a 1 1 >• , some  of  these  baffles  wn'e 
rip]ied  from  the  stainless  steel  bolts  indieatinp  th.it 
the>'  wei'e  exposei.1  to  vi’locities  I'ar  in  i.'xcess  of  th.at 
projected  in  design. 

[With  a flow  of  Aid  M after  .|uench  , the  "atfr- 

ape”  velocity  in  tlie  IPO  ft-  stack  would  be  ft/sLC. 

cons  i de  r a t i on  of  the  sound  attenu.it  ion  units  occu|n-inp 
SOI  of  the  cross  section  and  assuminc  that  no  expansion 
occurs  subsequent  to  passage  through  the  sound  atten- 
uation units,  the  "average”  velocit)'  would  be  104  ft /sec 
Inspection  of  the  baffles  iiulicate  pn°  bends  in  1/1 
i ncli  bolt--  and  tearing  of  1/1”  t h i i.' k fRl’  walls.  1 he 
force  estimati.‘d  to  achieve  this  phenomenon  is  of  t lu' 
order  of  .SO  to  lOU  lbs.  lor  a 4 foot  long  piece  of 
pipe,  this  IS  equivalent  to  5('  to  100  Ib/ft-  with  full 
heail  conversion.  The  velocit}-  required  to  produce  this 
force,  if  fully  converted  to  a head  loss,  would  be  of 
the  magnitude  of  .SOO  1 I’S  | . 


0 . . .S 


Although  the  shell  was  original  !>• 
roof  .ukI  side  wall  areas  between 
tlie  stack  were  coated  with  carbon 
three  engine  runs.  Ihe  remainder 
gu 11  w i ngs  we  re  only  s 1 i gh  t 1 y d i r 


1 i gh  t g reen  , t he 
the  packetl  cone  and 
deposition  after 
o f the  she  1 1 and 
t >■  .if  ter  d months  ol 


ope  r a t ion. 
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ihirin;4  operJtiou  up  to  tiirusts  of  8000  11-)S,  the  stack 
omission  was  uisjpv  with  a vory  low  exhaust  velocitv 
appearance.  At  militar\-  mode,  the  quantity  of  steam 
in  the  exliaust  projected  as  much  as  JO  feet.  In  tlie 
case  of  the  Tl-'-aO  during  military  mode,  water  flowed 
t rom  the  lower  sections  of  both  sides  of  the  scruhlier 
to  a height  ra/iging  from  1 to  J feet.  In  the  c.ase  of 
the  d-70,  this  phenomenon  was  evident  only  during  af- 
terhurner  regime. 


lUiring  the  afterhurner  0]'>eration,  the  .■ 
vaded  as  much  as  .700  feet  before  it  i.i  i ; 
of  residual  were  observable  but  not  on 
1 lie  resi(.lual  was  light  yellow  in 
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PH RI  ORMANCP. : Augmen  t or 


10.1  VlSUAl. : 

I'he  porfonnance  of  tlic  augmcntcr  with  air  scoop  removed 
was  observed  by  both  \avy  and  TI'SI  personnel.  The  maxi- 
mum system  demand  occurred  during  test  of  tlie  d-79  in 
A/B.  It  was  observed  that  the  Jet  exhaust  flame  appear- 
ed to  fill  the  entire  venturi  throat.  Die  first  sjiray 
ring  that  appeared  to  penetrate  the  Jet  completely  at 
lower  engine  rate  bent  into  the  Jet  at  a diameter  of  ap- 
pro xi  mate  1>'  1-1/2  feet  at  militai'\'  rates.  I'he  recycle 
phenomenon  was  quite  pronounced  at  A/B  operation.  It 
blended  with  the  Jet  at  the  trailing  edge  of  tlie  converg- 
ing section  of  the  venturi,  and  water  droplet  recycle 
was  observable. 

■fhe  residual  core  of  the  Jet  exhaiu-t  sul'setjuent  to  the 
primary  spray  ajiiieared  to  be  to  12"  in  diameter.  Thus 
it  should  ha\'e  dissipated  in  .'i  feet  to  9 feet.  Inasmuch 
as  the  distance  traversed  to  the  ctire  buster  was  only  4 
feet,  residual  Jet  core  existed  at  this  position. 


10.2  MHGIAX  ICAI. : 


I'he  augment  er  system  did  not  appear  to  be  overst  ressed . 

\o  shell  or  internal  vibrations  were  noticeable. 

failure  did  occur  on  the  core  buster  supporting  struts 
because  of  incomplete  dissipation  of  the  Jet  core  and 
lack  of  protection  of  the  struts.  The  hot  oone  was  ap- 
proximatel)"  2 inches  wide  at  the  failure  area,  indicat- 
ing that  tile  residual  core  at  this  point  was  approximate- 
ly (i  inches  in  diameter  and  would  tlissipate  in  approxi- 
mate 1 y 4-1/2  feet  . 


I 10. 3 
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No  thermal  damage  was  visible  to  any  portion  of  the  aug- 
menter.  Some  discoloration  was  noted  at  the  venturi 
throat  ami  appeared  to  be  caused  by  radiation  rather 
than  convection. 


I 


j 


f 


PART  III 
Chapter  10 


m[;a.si)rfmf;\ts  : 

Performance  data  were  obtained  by  .Navy  personnel  with  the 
following  engines: 


J-52 

J-79  Through  A/R 
TF-30 

Data  were  obtained  as  follows: 

1 - Water  consumption 

2 - .\ugmcnt  at  i on 

3 - Temperature  profiles  in  stack 

4 - Velocity  profiles  in  stack 


WATF:R  CONSU.MPTION 

Tlic  limiting  test  for  water  consumption  was  based  on 
the  J-79  in  A/B  mode.  Based  on  fuel  consumption  and 
total  enthalpy  [thermal  + kinetic  equivalent),  the 
c.xhaust  jet  enthalpy  is  of  the  order  of  1 70,000  Btu/ 
sec  . 

The  contribution  of  the  enthalpy  of  augmentation  air 
is  relatively  low. 


Augment  at  ion 
Ratio 


Thermal  Contribution 
to  the  F.xhaust 
Btu/ sec 


0.5  1575 

1 . 0 3 1 5 0 


2.0 


0300 


3 . 0 


94  5 0 


1 
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ri^e  quench  water  feed  rate  provided  for  tlii.s 
maximum  duty  was  calculated  to  be  950  GFM. 

Design  for  tlie  system  was  established  at  050 
GFM  for  the  primary  ring  quencl^  and  500  GFM 
for  secondary  quencli  , either  at  the  diverg- 
ing none  of  the  venturi  or  at  tlie  core  buster. 

•No  significant  data  were  obtained  with  regard 
to  secondary  quench  until  pump  adjustments  were 
made.  Burnout  of  the  core  buster  vanes  occurred 
prior  to  pump  correction. 

AUGMHN'TAT  l(t\ 

I'hc  degree  of  external  augment  at  i on  in  one  physi- 
ca  1 orientation  of  tlie  ThST  aiigmenter  is  compared 
witii  those  values  obtained  witli  the  previously 
used  48°D  and  7 2"  forcing  cone  aiigmenter.  fhe 
data  on  the  conventional  aiigmenter  were  olitained 
by  N'ARF.  fhe  data  on  tlu'  THSf  augmenter  were  ob- 
tained and  siqiplied  by  XARF  with  fliS  1 personnel 
present  in  some  of  the  runs. 

fhe  reductions  in  augmentation  achieved  witli  the 
TFS'f  aiigmenter  were: 


fABLF,  10-1 


RldUJCTlO.N 

1\  AlIGMli.NTATIO.V 

Augment  at i on 
Rat  i o 

Initial  Final 

'V  Fercent 
Reduc  t i on 

Remarks 

1 .9 

0 . 0 1 

0 7 ” for  the  , 
.1-79  in  A/B 

^ Where  48"1)  forcing 

1 . : 1 

0.02 

501  for  the  1 
IF -50  in  Mil 

1 cone  was  used  in  old 

1 .9 

1 . 55 

50"  for  the 
J-52  in  MIL 

1 augmenter 

: . 1 : 

0 . 5 8 

8 2°o  for  the 
IF -50  in  MIL 

( Where  72"D  forcing 

1 cone  was  used  in  old 

augmenter  and  .50" 
throat  was  used  in  the 
THS 1 un i t . 
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I'he  differences  in  effect  are  ascribed  to  the  change 
in  the  ratio  of  the  augmentation  area  to  the  exhaust 
area  ( TABIl,  7-3  ).  A proposed  solution  is  to  have 

a variable  throat  diameter.  However,  this  was  not 
necessary  in  the  Black  Point  installation  inasmuch 
as  the  limiting  factors  in  the  design  of  the  scrub- 
ber system  w'ere  the  largest  engine  and  the  flows  re- 
lated to  its  performance,  and  the  minimum  tempera- 
ture of  the  combined  stream  of  Jet  exhaust  and  aug- 
mentation air.  Both  wore  adequaie. 

Data  submitted  verbally  by  \ARP  indicated  that  the 
recycle  velocity  in  the  annulus  is  100  fps.  If  this 
flow  returned  to  the  vena  contracta  of  tlie  venturi, 
it  would  create  an  internal  augmentation  of  approxi- 
mately O.b.  As  a result,  the  total  gaseous  augmenta- 
tion in  the  J-70  would  be  of  the  order  of  1.1  to  1.2. 
However,  with  recycle  blanked  off,  no  significant 
change  in  external  augmentation  was  observed  indicat- 
ing that  no  significant  recycle  returned  to  the  vena 
cent  rac  ta . 

The  bounce  spray  effect  jirojected  and  described  in 
the  initial  study  (Contract  \o . \6 24 b 7 - 7 0 - C-  0078  , 
pp.  20-211  was  observed  to  operate  via  entrainment 
carry  of  the  recycle  gas  into  the  throat  of  the  ven- 
turi arrangement.  It  is  believed  that  this  phenome- 
non contributed  to  the  reduction  in  augmentation  air 
f 1 ow . 

It  is  possible,  based  on  the  experience  gained  in 
the  test  program,  that  further  reduction  in  augmenta- 
tion may  be  achieved  by: 


1 - Arranging  recycle  air  flow  into  the  venturi 

t hroa t ; 

2 - Decreasing  the  recycle  scoop-baffle  diameter 

with  effect  of  increasing  t lie  recycle  augmen- 
t a t i on  ; 

3 - Injecting  water  directly  into  the  recycle  an- 

nulus to  increase  the  ciuantity  of  bounce 
spray- flash . 


It  should  be  noted  that  mere  addition  of  water  to 


PART  III 
Chapter  10 


10.4.2 


10.4..^ 


i. 


(Cent inuedl 

the  spray  section  will  not,  in  itself,  decrease  aug- 
mentation significantly.  This  can  he  observed  in 
TABLE  5-3  where  water  injection  was  used  in  the 
TF-30  and  the  J-79  military  regime.  These  tests, 
run  to  confirm  the  mathematical  model  submitted  in 
the  preliminary  study,  indicated  a reduction  in  aug- 
mentation of  only  8.5“s  for  the  TP- 30  and  zero  for 
the  J-79.  For  water  to  decrease  augmentation,  it 
must  be  fed  at  the  throat.  The  recycle  mechanism 
can  achieve  this  witli  minimum  po  s s i li  i 1 i t y of  water 
contact  with  the  engine. 


TEMPFJIATURE  PROFILE  - X'l  LOClTV  I’ROFILF. 


The  data  taken  for  the  TF-30  and  J-79  regarding 
temperature  and  velocity  distribution  from  the  stack 
arc  plotted  in  Figures  10-1  and  10-2.  In  the  case 
of  the  TF-30,  the  temperature  and  \’clocity  profiles 
are  consistent  for  the  three  latitudinal  bands  and 
apparently  follow  a distribution  established  by  the 
four  baffles  at  the  bottom  of  the  stack.  The  first 
baffle  requires  too  high  an  angle  of  turn  and  is  lo- 
cated too  high  to  critically  affect  flow.  The  point 
temperatures  apparently  are  related  to  the  point  vel- 
ocities and  the  baffle  position.  Temperatures  de- 
crease with  velocity  within  a specific  baffle  posi- 
tion (Figure  10-1)  and  in  a direct  relationship  in 
positions  1-8,  but  in  a totally  different  direct  re- 
lationship in  positions  9 and  10  (Figure  10-2). 

These  plots  indicate  the  temperatu  .•  maldistribution 
may  not  at  all  be  related  to  the  mixing  in  the  aug- 
menter  but  the  mode  of  temperature  measurement. 

In  the  case  of  the  J-79  data  (iMgure  10-21,  the 
spread  of  the  data  is  far  greater  than  that  observed 
for  the  TF-30.  Again,  the  anomalous  behavior  at 
positions  9 and  10  arc  evident.  An  inverse  type  of 
relationship  of  temperature  and  velocity  occur  in 
positions  1-5.  However,  the  scatter  of  both  velocity 
and  temperature  is  too  great  to  provide  any  pattern 
at  pos i t i ons  6- 8 . 

The  plot  of  temperature  vs.  velocity  represents  onlv 
latitude  A.  The  anomaly  of  positions  9 and  10  arc 
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arc,  again,  quite  evident.  But  except  for  one  and 
possibly  two  points,  a relationship  of  temperature 
and  velocity  appears  to  exist. 

'f  h i s relationship  of  temperature  and  velocity  may 
result  from  the  existence  of  entrained  v%ater.  The 
gases  arc  highly  humidified,  hut  not  uniformly, 
and  the  temperature  recorded  ma\'  be  a form  of  wet 
bulb  that  is  highly  responsive  to  velocity,  and  not 
reflective  of  the  true  temperature  of  the  stream. 

It  is  evident  in  these  profiles  that  moil  i f i c a t i on 
of  the  existing  baffles  be  undertaken  in  order  to 
preclude  tbe  anomalous  behavior  at  jiositions  9 and 
10  and  to  minimite  variation  in  flow. 

It  was  noted  by  XARF-JAX  that  during  maximum  A/B 
mode  in  .1-79  test,  a temperature  greater  than  1 800°I- 
was  measureii  at  the  axis  downs' ream  of  the  Tli.Sl  aug- 
menter.  Based  on  temperatures  measured  at  various 
radial  distances,  it  was  estimated  that  the  core  is 
a maximum  of  6"  in  diameter  and,  therefore,  repre- 
sents between  5"  and  15°  of  the  flow.  Dissipation 
of  this  core  before  the  baffle  section  must  predom- 
inate because  of  the  normal  breakup  mechanism. 


10.4.4  H NG  I .\i:  STATU.S 

Of  significant  concern  to  both  XARP  and  fl'.SI  person- 
nel was  the  possible  effect  of  tbe  augmenter  on  en- 
gine performance.  Initial  data  compared  with  corre- 
lation runs  in  the  test  cell  under  evaluation  f.l.^X 
Black  Point  11  indicated  no  observable  variations 
in  the  re  1 ,i  t i on  sh  i ps  of: 


TP-50,  .1-52 

P'n/6To 

(Thr us  1 1 

f P'  i g -s 

10-5, 

10-41 

TP- 50,  .1-52 

X2//or, 

(RPM) 

(Figs 

10-5, 

10-41 

TP' -50 

Kf:/6T.,/0T7 

f P'uel 
P 1 owl 

(Fig 

10-51 

TP- 50 

T.j.^°P/GT^ 

f Pxbaust 
Ga  s 
Tempi 

( F i g 

10-51 
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Some  deviation  was  noted  in  .I-.S2  performance  with 
the  TEST  augmenter  (Fig.  10-5).  Data  for  ,J-79 
characteristics  were  transmitted  to  Ccncral  Electric 
Company.  In  a letter  dated  18  January  1971  from 
General  Electric  (Exhibit  I'ig.  10-6),  it  was  indicat- 
ed "that  the  internal  engine  performance  did  not 
change  (for  test  dates  shown)." 

The  correlation  curve  transmitted  by  General  lilec- 
tric  (Eig.  10-7)  indicated  no  change  in  engine  per- 
f o rmance . 


LATITUDE 


I 2 3456789  to 


LONGITUDINAL  POSITION 


TF-30  EXHAUST  PROFILEe 


FIG  lO-l 


Wr 


Fn/Ztg  (THRUST) 


TF30-P8-B  CORRELATION  S N 664330 
O NARF  NORVA  TEST  CELL  12 

A NARF  JAX  BLACK  POINT  I (TELLER  AUGMENTER)  12-22-70 
O NARF  JAX  BLACK  POINT  2(JAX  AUGMENTER ) 10-2-70 


□ NARF  JAX  BLACK  POINT  I (TELLER  AUGMENTER  MODIFIED  TO  30  DIA)  1-28-71 


Ptr/Pt2  (INCHES  Hg  Abs) 
ENGINE  PRESSURE  RATIO 


r/a  /A- A 


N2/W0t2  (RPM) 


OW  LOSS/HfJ 
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8000 


O NARF  NORVA  TEST  CELL ^18 

A NARF  JAX  BLACK  POtHT^I  (TELLER  AUOMENTER)  12-22-70 
O NARF  JAX  BLACK  ROINT*^2  (JAX  AUOMtNTOR)  (0-2-70 

□ NARF  JAX  BLACK  PO(NT  I (TELLER  AUOMENTER  MOO(FIED  TO  30*  DiA  ) I-2B-7I 
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NAS  JACKSONVILLE  PERFORMANCE  COMPLAINT 


FILE:  J79PA-1618 


DIAL  COMM  8 ♦ 332 


3414 


COPIES: 

RL  Campbell 
PL  Love 
TB  Parker 
HM  Hicks 
DRB  661 
File 


January  18,  1971 


J.L.  Price 
J79  Project 
N161 

The  curve  (Engine  Pumping  Characteristics)  for  engine  421-731  requested  by 
NAS  Jacksonville  is  enclosed.  Tliis  curve  indicates  that  the  internal 
engine  performance  did  not  change  (for  test  dates  shown) . 

It  should  be  noted  that  this  curve  represents  one  engine  only  and  since  the 
same  test  cell  was  used,  it  is  also  probable  one  set  of  instrumentation  is 
also  involved.  Should  a considerable  number  of  different  engines  be  tested 
and  also  possibly  in  different  test  cells,  the  data  will  form  a band  with 
the  width  dependent  on  the  actual  engine  quality  and  instrumentation  variations. 


X(,  t J , 


S.R.  Anderson,  Engineer 
J79  Performance 
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PUMPING  CHARACTERISTICS 
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11.1  The  criteria  for  recovery  of  particulate  emissions  from 
i the  e.xhaust  of  Jet  engine  test  stands  were  established 

in  the  ''Pollution  Abatement  Study  and  Systems  Analysis 
for  Jet  I'.ngine  Test  Cells"  (U.S.  Navy  Contract  No. 
NP2467- 70-C- 0078) . These  criteria  ucre  based  on  the 
following  soui'ces  : 

1 - executive  Order  1 1 282  est  ahl  i slii  ng  conformance 

with  state  and  local  community  regulations  or,  in 
the  absence  of  such  regulations,  with  Section  .S 
of  the  P.xecutive  Order; 

’ 2 - Section  5 (h.O.  1 1 28  2)  Paragrajih  7 6.0  related  to 

I combustion  pi'ocesses  es  t ah  1 i s li  i n g a ]K'rmissihlc 

I emission  level  of  0.28  per  million  Btu; 

I 

?i  - "Air  Quality  Criteria  for  Particulate  Matter" 

U.S.  Uejiartment  of  Ilealtli,  f!ducation  ami  Welfare 
(January  1960)  that  esialilishes  the  concern  for 
effects  on  visibility  of  particles  in  the  size 
range  of  0.1-1  micron  and  the  desirability  of 
achieving  ground  lev'el  concentrations  Qf  these 
particles  less  tlian  O.OOOOSS  g ra  i n s / f t . 


Ihe  most  restrictive  local  regulations,  Ray  Area  Control 
District,  California,  establish  a Ringleman  Smoke  Shade 
requirement  of  1/2  except  for  3 minute  excursions  to 
Ringleman  3.  As  a very  approximate  relationship,  this 
limits  the  emission  concentration  to  0.010  g ra i ns/cu . f t . 
Baltimore,  Maryland  has  recently  established  a zero 
Ringleman  requi remen t . 

On  the  basis  of  the  executive  Order  11282,  the  emission 
level,  converted  to  test  stand  gas  flow,  is  limited  to 
0.008  g ra i ns/cu . f t . It  was  recommended  in  the  initial 
study  that  a performance  objective  of  0.004  gra i n s/ cu . f t . 
be  established  so  that  even  with  transient  difficulties, 
the  0.008  gra ins/cu . ft . level  would  be  achieved. 


11.2 


Data  obtained  by  f-nv  i ronmen  t /One  on  the  emissions  from 
the  scrubber  system  under  the  range  of  operating  condi- 
tions required  for  engine  testing,  for  three  engines. 
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arc  as  follows: 


TABl.li  11-1 


EMISSION  LEVELS  FROM  TEST  CONTROL  SYSTEM 


ENGINE 

MO  HE 

PARTICULATE 
EM  I SS I ONS 
G r a i n s / c u . f t . 

RINGLEMAN 

.1-79 

Idle 
No  rma 1 
Military 

0 . 0024 
0 . 0 0 2 9 
0 . 0024 

Less  than  1/2 

M » t H 

» t II  II 

TF-50 

Idle 
Norma  1 
M i 1 i t a r >• 

0.0019 
0 . 0014 
0 . 00  1 8 

II  II  II 

II  II  II 

11  II  II 

J-79 

Idle 
Norma  1 
M i 1 i t a r \- 
Max.  A/B 

0 . 0 0 5 2 
0 . 0029 
0 .0002 
0 . 005.8 

''  " ” ihese  tests 

" " " arc  lines  t i on  - 

<ed  bv  ENVIRON 

\1ENT/0NE. 

In  all  conditions,  the  e.xhaust  from  the  TESI  scrubber 
system  is  well  within  the  requirements  of  any  establish- 
ed or  recommended  restrictions  with  emission  levels 
ranging  from  18°  to  78°  of  the  li.O.  1128  2 for  perform- 
ance and  averaging  .S7°o  of  the  F..O.  1 1 28  2 performance  le- 

vel. The  analytical  procedure  conducted  by  Environment/ 
One  is  indicated  in  Append i.x  11 -A. 

A comparison  of  the  visual  or  Ringleman  conditions  be- 
fore and  after  introduction  of  the  TEST  system  is  indicat- 
ed in  Figures  11-1  through  11-4. 

With  respect  to  SO.,  and  NO  emissions,  the  normal  concen- 
trations within  jet  eng  i nc'^ern  i s s i ons  prior  to  entering 
the  scrubber  were  found  to  be  less  than  20  PPM  for  eacli 
gas  or  less  than  15o  of  the  limits  in  any  projected  leg- 
islation. rhus  , control  is  not  rccpiirod. 


iil 
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The  effluent  water  temperature  ranged  from  74°  at  idle 
to  160°F  at  maximum  afterburner  mode  for  the  .1-79.  This 
was  higher  than  anticipated  in  design  as  indicated  in 
the  performance  analysis  section  ' . 

Rased  on  the  anticipated  effluent  water  temperature  and 
an  outflow  of  8,000  GPM,  a water  temperature  profile  was 
established  for  the  riv'er  water.  The  basis  for  this 
analysis  was  not  the  point  temperature  development,  but 
on  the  average  heat  release,  resulting  from  the  combus- 
tion of  fuel  over  a test  cycle,  the  typical  cycle  was 
considered  to  be  5 hours  with  53°  of  the  time  consumed 
at  military  operation  and  5°o  at  afterburner.  The  aver- 
age heat  pickup  was  estimated  at  1.5,000  Btu/sec  result- 
ing in  an  average  temperature  rise  of  the  water  of 
13.8°F  in  the  scrubber.  The  river  flow  velocity  was 
assumed  to  be  cero.  The  relationships  established  for 
river  water  rise  for  large  warm  effluent  streams  (Jen. 

V.  Wiegel,  R.  I..,  .lournal  of  the  Power  Division, 

Proc.  .A.XCF , I’aper  No.  4801,  .April  1966')  were  as  follows: 


Ikluat  i on  s 

Based  on  semi -empi r ical  model  : 
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(12.11  Where: 


Temperature  along  the  center  line  of 
warm  water  jet,  °F 

Temperature  of  receiving  water,  80°F 

Temperature  of  the  discharge  water,  °F 

Di;imeter  of  the  discharge  pipe,  ft. 

Horizontal  coordinate  along  the  Jet  axis, 
measured  from  the  point  of  discharge,  ft. 

Empirical  constant  from  the  experimental 
d a t a . 
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Hquat ions 

B a scd  on  semi - emp i r ica 1 model  : 


Where  : 

T = I’cmpcrature  at  any  point,  °I' 

y = Horizontal  coordinate  normal  to  the  Jet 

axis  measured  from  tlie  jet  axis,  ft. 

F = Froude  no.  defined  as. 
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V 
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Where  : 


Si 

= 

Discharge  velocity,  ft/sec 

Po 

= 

Density  of  discharge  water. 

Ap 

= 

Pw  - Po 

Pk 

= 

Density  of  the  receiving  water 

7 

g 

= 

7>2  .2  f t/sec“ 

(1_2.3') 


n 
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The  computer  printout  of  the  averaj’e  conditions  are  in- 
dicated in  Figure  12-1.  The  printout  indicates  that  a 
4°  rise  in  water  temperature  will  occur  in  an  area  pro- 
jecting 40  feet  into  the  river  and  approximately  8 feet 
wide.  In  a test  w'ith  a J-79  engine,  the  following  in- 
formation was  obtained  by  NARF  personnel  (Figure  12-2): 


TABLF:  12-1 

RIVFR  WATER  TFMI’liRATURliS 


Mode  of 

I)i  stance 
from  Bulkhead 

'I'empera ture  °F  within 
-20'  of  Discharge  Line 

Ope  rat  ion 

( feet ) 

0 

1^ 

2 ' (depth) 

Mi  1 i ta  ry 

40 

8.3 

66 

66 

Minimum  A/B 

40 

1 0 0 

()0 

68 

Maximum  A/B 

8 0 

8 0 

72 

70 

Mi  1 i tary 

80 

82 

70 

6 5 

River  Water  Temperature  = 61 °F 


fhc  significantly  larger  increase  in  temperature  com- 
pared with  model  projection  is  based  on  two  factors. 
These  data  represent  only  .331  to  .30"  of  the  operation 
and  the  heat  transfer  capability  of  the  scrubber  is 
twice  that  originally  projected. 

The  water  ciuality  data  were  obtained  by  NARF  personnel 
and  by  Southern  Analytical  Laboratory  (NAVFAC  contract). 
The  data  relative  to  a significant  factor,  suspended 
solids,  was  determined  only  at  NARF. 

The  data  arc  reported  in  TABLFiS  12-2  and  12-3.  The 
NARF  suspended  solids  data  arc  plotted  in  Figure  8 -8. 


filtered  on  145  millipore 
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Waste  Water 
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CfRTIFICATE  OF  ANALYSIS  OR  HSTS 


Oxygen 

Demand , 

Di sso 1 ved 

Unburned 

Bi ochemical 

Oxygen 

Hydrocarbons 

Turbid i t 

J-52  Engine 

Ml  1 i tary 

3,2  mg/1 

6.05  mg/ 1 

0.7  mg/1 

7 JU 

Idle 

1.8 

M 

7.9 

0.4  " 

5 •• 

Normal 

2,3 

If 

6.6  " 

0,6  ’’ 

40  " 

TF-30  Engine 

Idle 

2,2 

l« 

7.6  " 

0.5  " 

7 " 

Normal 

2.4 

If 

6,3  " 

0.7  " 

4 " 

Ml litary 

2.0 

ft 

6.0  " 

0.8  " 

15  " 

J-79  Engine 

Idle 

2,4 

tf 

7,1  " 

0.9  " 

5 " 

Ml  1 i tary 

2.5 

II 

5,6  " 

0.9  " 

40  " 

Max  AB  Run  #1 

4.4 

II 

4.4  •’ 

1.87  " 

66  " 

Max  AB  Run  #2 

2.7 

II 

4,9  " 

1-.2  •’ 

48  " 

River  5/4 

1.4 

It 

6.8  " 

0.4  " 

4 " 

River  5/5 

1.6 

II 

6.8  " 

0.3  " 

4 ” 

lABI.i:  12-.1 
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PART  V 
Chapter  12 


12.2  Comparison  of  ROD  data  indicates  that  the  average  in- 
crease reported  by  both  groups  is  of  the  order  of  less 
than  1 PPM  for  all  but  A/B  runs  (Southern  Analytical). 
Within  the  accuracy  of  analysis,  there  appears  to  be 
little  or  no  reduction  in  dissolved  oxygen  with  scatter 
of  increases  and  decreases  reported. 


12.3  The  N'ARF  data  indicate  an  increase  in  unhurned  hydro- 
carbons up  to  7 PPM  at  A/B  operation  for  the  J-79  and 
a 2-3  PPM  increase  for  military  operations,  whereas  the 
Southern  Analytical  data  indicate  a maximum  increase  in 
1.5  for  A/B  operation  and  a magnitude  of  n.5  PPM  for  all 
other  modes  of  operation. 


12.4  The  turbidity  increase  reported,  observed  by  MARI'  per- 
sonnel, was  greatest  for  militar)'  ranging  from  19  to 
70  .III,  whereas  the  Southern  Analx  tical  data  indicated 
a rise  of  11  to  36  .111  for  military  mode  and  up  to  62 
for  afterburner  operation. 


12.5  The  undissolved  solids  increase  was  measured  by  N'ARF 
personnel  .and  formed  a basis  for  material  balance  for 
recover)'  of  particulates  by  the  TFS’f  scrubber.  The 
data  for  the  fF-30  and  .1-79  were  consistent  through 
military  and  are  indicated  in  Figure  R-8.  The  data  for 
the  .1-52  runs  were  scattered.  The  onlv  apparent  incon- 
sistency was  the  low  quantity  of  particulates  IS. 8 PPM 
or  80  Ib/hr  of  solids  recovered  during  A/B  operation  of 
the  .1-79. 

This  discrepancy  was  due  to  the  possibility  that  much 
of  the  unburned  fuel  (large  particles)  were  captured 
by  the  internal  section  of  the  scrubber,  were  drained 
from  the  stack  basin,  and  flowed  through  the  separator 
into  the  river.  Implied  evidence  of  this  phenomenon 
was  obtained  subsequent  to  the  test  program  when  vari- 
ous modes  of  separation  of  the  particulates  from  circu- 
lation water  were  tested.  Separation  w;is  achievable  at 
times  by  centrifugation  of  the  scrubber  effluent  water 
but  not  from  the  stack  drainage.  The  only  difference 
in  effect  can  be  attributed  to  the  variation  in  speci- 
fic gravity.  The  stack  bottom  particulates  were  prob- 
ably covered  with  a film  of  ,lP-5  resulting  in  the  low- 
er specific  gravity. 
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Commanding  Officer,  Southern  Division,  Naval  Facilities  Engineering  Command, 
F.  0»  box  lOObB,  Charlestoir,  S.  C.  29411 
Attn:  R.  B,  Foster 
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CERTIFICATE  OF  ANALYSIS  OB  TESTS 


River 

Inlet 

Max 

AB 

Military 

Idle 

Oxygen  Demand, 

E -rhemical 

4 mg/1 

25  mg/1 

6 mg/1 

14  mg/1 

I T>  1 1 ...  j — 

} AA  A a»  A « 

P t» 

U*  A. 

A • r •• 

j.ij 

5.5  " 

?.Y  " 

j Turbidity  (Jackson  Units) 

55  JU 

95  JU 

80  JU 

65  JU 

Hydrocarbons 

5 mg/1 

16  mg/1 

10  mg/1 

9 mg/1 

c 
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PART  V 
Chapter  13 


SliCON'nARY  EFFFXTS:  Sound  Level 


13.1  Significant  reductions  in  sound  level  from  the  test  stand 
[Black  Point  No.  1)  were  observed  subseciuent  to  installa- 
tion of  the  TFSI  scrubber  system.  The  comparison  of  the 
sound  levels  achieved  with  the  total  TF.Sl  system  (scrub- 
ber and  augmenter)  compared  with  the  prior  conv^ent  i ona  1 
installation  at  Black  Point  Cell  No.  1 arc  indicated  in 
Figures  13-1,  13-2,  and  13-3.  The  sound  levels  were  ob- 
tained for  operation  with  the: 


T F - 3 0 Military 

,1-79  Military 

J-79  Maximum  Afterburner 


13.2  The  three  sets  of  curves  form  a similar  pattern  where  sig 
nificant  i eductions  in  sound  level  were  .aclucvcd  in  ^hc 
range  of  31.5  - 400  cyclcs/scc  and  from  1000  to  16000  cy- 
clcs/sec,  and  little  or  no  change  in  the  range  of  400  - 
2000  cvclcs/sec.  The  reduction  in  sound  level  as  indicat 
cd  by  C.-er.ll  "A”  scale  as  measured  by  the  Octave  Band 
Analyzer  ranged  from  6-10  decibels  for  the  engines  eval 
uated  . 


TABl.F.  13-1 

Overall  ”A"  .Scale  Sound  Levels 


Dec i be  1 s 


Operating 
Fng i nc  Mode 


IV  i thout 
Scrub be  r 


IV  i t h 

Scrubber 


TF-30  Militarv 

J-79  Max  A/b' 

J-79  Mi  1 i tarv 


1 00 

90 

1 0 3 

95 

98 

92 
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(Cent i nucd 1 


In  the  study  report  [Contract  \o  . N(i  24  0 7 - 70  - C-  0078 ) , it 
was  projected  that  the  packing  would  contribute  to  sound 
attenuation  only  at  frequencies  greater  than  800  cycles/ 
sec,  but  would  have  a significant  effect  only  at  freciuen- 
cies  greater  than  1200  cycles/scc.  ['fARLP.  0-4  Study  Re- 
port). This  magnitude  of  reduction  was  achieved  with 
operation  of  tlie  J-79  engine  wliere  reductions  in  sound 
level  of  1.8  decibels  was  achieved  at  4000  cycles/sec  and 
a reduction  of  greater  than  25  decibels  was  achieved  at 
8000  cycles /sec. 

What  was  unanticipated  was  the  reduction  in  sound  level 
at  the  1 6 - 2 50  cycle/sec  range.  The  ma.ximum  reduction 
was  6 - 10  decibels  at  63  cycles/scc. 


Raw  data  in  Apjiendi.x 


1 3A. 


SOUND  LEVEL  , J 79  MIL 
!50*  DISTANCE.  3 POINTS 
N - NW  FROM  CELL 


SEC. 


250  DISTANCE-4  POINTS 
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Hnv i ronment /0»c 

The  procedure  for  determination  of  effluent  loading  at  the 

stack  was  as  follows  for  six  points. 

1.  Determine  velocity  for  sample  point  by  pitot  tube  and 

water  manometer  corrected  for  average  effluent  temp- 
erature . [ 8 - 1 ) . 

2.  Select  critical  orifice  allowing  for  isokinetic  sampling 
at  sample  probe  inlet.  Probe  inlet  was  fixed  as  0.120 
inches  diameter.  Five  critical  orifices  were  available, 
11.5  to  2b  1 i ter s /minute . 

3.  Locate  two  weiglit  sampling  probes  at  test  point.  Make 

pressure  and  temperature  measurement  at  critical  orifice 
for  monitoring  and  flow  corrections.  Sample  for  3 to  10 
minutes,  depending  on  effluent  particle  loading.  Filter 
material  used  was  Gilman  Type  "li’'  47  mm. 

4.  Replace  weight  sampling  probe  with  ''lilipore  filter  Type 
llA  47  mm  and  sampling  probe  for  site  distribution.  Using 
same  probe  flow  setting  take  5-10-15  second  samples  after 
each  probe  pair  change. 

5.  Repeat  step  (3-4'  for  two  adtl  i t i on.i  1 jiaii's  of  weight  probe 
sample  locations. 

b.  Wash  out  weight  probes  with  water  and  collect  on  filter 
for  weighing. 

7.  Take  gas  eamples  at  edge  of  effluent  stream,  with  MSA 
Universal  Sampling  pump  and  detector  tubes. 

Fngine  parameters  and  exhaust  gas  temperature  data  were  jiro- 

vided  by  test  cell  crew.  i'wo  engines  were  tested:  .l-“9  for; 

idle,  95ii  load,  afterburner  min  and  afterburner  max,  and  the 

J-52  engine  for  idle  and  military  power  settings. 


A.\ALYS1S  OF  DATA 

Weight  of  material  on  each  filter  was  determined  after  bring- 
ing filter  to  same  humidity  condition  .at  which  initial  clc.an 
weights  have  been  determined.  Weiglits  were  normal  iced  for 
actual  probe  flow  and  sample  times  and  averaged.  Average  wash 
water  sample  weight  was  .added  to  filter  weights  and  loading 
corrected  for  effluent  discharge  .at  "'O®!',  14.’’  psi.  This  load- 
ing is  expressed  in  grains/ft-^. 


ANALYTICAL  MliTllOD  I'OR  LNCINL  ILXIIAIJST 


X 8 A 
Pa^e  2 oTS 


ANALYS IS  or  DATA  ( Con t i n uod ) 


A Miliporc  filter  sample  for  eacli  run  was  analvzed  hy  microscope 
with  450  power  and  the  size  distribinion  determined  by  means  of 
a Portion  rctical  and  stage  micrometer.  liounting  locations  were 
determined  by  random  selection. 

Gas  analysis  data  were  read  directly  from  calibration  charts. 

No  indication  was  obtained  on  either  the  105C  oi'  10511  SOt  detec- 
tion tubes.  Data  for  the  95°  anil  afterburner  min.  tests  were 
not  obtained.  Gas  concent  i\at  i on  values  were  obtained  onl>’  at 
the  edge  of  the  effluent  stream  and  could  be  in  error  due  to  di- 
lution factors. 


S.AjMPLING  MHTHODS  for  WATER;  NARF  MF;TllOn 
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Samples  for  water  analyses  were  collected  as  follows; 


fl\e  river  water  sample  for  background  was  taken  from 
3/4"  pipe  located  on  the  side  of  the  inlet  water  line 
approximately  2/3  of  the  distance  from  the  river  to 
the  scrubber.  One  sample  was  taken  at  the  beginning 
of  each  day's  engine  operations.  .\ARF  lax  April  b, 

7 and  lb,  19'’!  samples  were  15  gals,  and  May  4,  5 and 
b were  5 gal.  samples.  Southern  Analytical  samples 
were  all  5 gals.  Water  flow  was  8000  g[)m  at  time  of 
samples . 

Scrubber  water  effluent  samples  were  taken  at  the  out- 
fall from  the  approximate  center.  The  water  was  dir- 
ected to  the  sample  bottles  through  a 2"  i^ipe  which  was 
o'  long.  One  sainjile  was  collected  during  each  engine 
setting.  i'he  volume  of  sample  taken  :du1  effluent  water 
flow  were  the  same  as  reported  in  jiara.  1 above. 


ANALYTICAL  FROCLDIJRL  TOR 
scrurRtr  TXHAUST  - 
('Tnviro ament  / One ) 


Append i x 


An  pc 


iRC  .1 


^8  A 


The  train  used  consists  of  tlic  foIIo\%ing:  The  line  from  the 

man  i To  1 d feeds  into  an  impinger  consisting  of  a bubbling  imping- 
er  containing  distilled  water  followed  by-  a similar  impingcr 
with  no  water.  The  output  of  the  second  impingcr  is  transferred 
directly  into  a Swinex  - n filter  holder  containing  a Gel  man 
Type  A glass  -li’mm  filter.  This  train  is  followed  by  the  air 
moving  system  consisting  of  a flow  adjusting  needle  valve,  a 
thermometer,  a Thomas  Series  727-CA-S9  vacuum  pump  and  a Dwyer 
Rotameter.  Although  tlie  flow  was  monitored  constantly  liuring 
all  runs,  it  was  not  necessary  to  make  any  .adjustments. 

ihe  gases  were  sampled  as  follows:  Horizontal  slotted  pipes 

were  mounted  at  two  po  i nTs  i ri  The  outlet  guides  at  the  8 ft 
and  12  ft  level.  I’rojecting  out  of  the  slots  in  these  pipes 
were  intake  nozzles  consisting  of  stainless  steel  tubing,  .250 
inch  O.D.,  .010  inch  wall  4 inches  long.  Six  of  these  nozzles 
were  manifolded  together  by  connection  to  copper  pipe  for  each 
level  of  sampling,  so  that  they  were  uniformly  spaced  (-1  inch1 
five  feet  apart  .along  the  length  of  the  slotted  I'lipe.  This 
manifold  was  connected  to  the  sampling  train  by  an  8 foot  length 
of  Tygon  tubing. 

The  procedure  during  a run  was  as  follows:  Upon  a signal  from 

t he  e iTg  i ne~  ope  rate  r tluiT~  the  d (Ts  i r e d eri^T  n e condition  had  been 
reached,  the  pumps  were  all  started  Time  was  measured  from 
this  point,  by  starting  a stopwatch.  Tlie  flow  w.as  immediately 
adjusted  .and  the  operation  of  each  tr.ain  checked.  At  the  end 
of  the  selected  time,  the  pumps  were  stopped  .and  the  operator 
signaled  to  stop  the  engine.  After  the  engine  was  shut  down, 
the  nozzles  were  removed,  all  the  pipes  were  fluslicti  with  ace- 
tone, the  Tygon  tubing  flushed  with  water  and  the  impingers 
were  washed  with  acetone.  All  of  these  flushings  were  preserved 
with  the  bubbler  water  as  part  of  the  sample  collected  for  tli.at 
run.  The  filters  were  removed  and  each  pl.aced  in  a separate 
plastic  Petri  dish.  The  devices  were  then  reassembled  for  the 
following  run; 

It  h.ad  hr-^n  our  intention  to  point  tlie  nozzles  into  the  direc- 
tion of  flow  by  observing  the  static  pressure  while  rotating  the 
slotted  pipe,  and  stopping  at  the  point  where  a maximum  was  ob- 
served. However,  the  flow  rate  was  so  slow  that  no  variation 
could  he  ohserved.  Therefore,  we  simply  pointed  the  nozzles  by 
visually  .aligning  them  with  the  flow. 

The  temperature  at  the  impinger  rose  rather  slowly  during  each 
run  at  a maximum  of  about  120°T. 

The  loadings  as  reported  were  the  averages  of  the  weighings  of 
material  gathered  on  two  runs  each,  from  a total  of  12  points. 
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1.  I'ho  sampling  train  employed  is  as  follows: 

a.  10'  stainless  steel  probe  connected  to  the  1st  impinger 
by  means  of  a 10"  long  teflon  lined  silicone  rubber  tube. 

b.  Dry  Greenbe  rg  - Smi  th  Impinger  (cooled  with  1 , 1 , 1 - 1 r i cli  1 o r - 
oethane  and  dry  ice.) 

c.  1 ti  reenbe  r g - Sm  i t h Impingers  containing  2.s0  cc  water. 

d.  1 Kilter  assembly  containing  a Millipore  Type  AP2S  glass 
prefilter,  one  .45  micron  Milipore  filter,  one  .22  micron  ‘lili- 
I>ore  f i 1 ter  . 

e.  1 Impinger  with  desicant. 

f.  Meriane  PFB  laminar  flowmeter  with  connections,  a thermo- 
couple, differential  pressure  gauge,  and  absolute  [iressure  gauge. 

g.  Needle  Valve. 

It.  Vacuum  pump 

2.  \ii;e  points  were  sampled  at  10  minutes  for  each  point  for  a total 
volume  sampled  of  30-40  c.f.  Stack  velocity  was  determined  by  means 
of  a pitot  tube  and  uncleaneii  wavometer  and  temper.iture  liy  means  of 

a thermocouple  and  Honeywell  detector. 

Correct  settings  for  sampling  rate  were  determined  from  raw  data  b\- 
means  of  a computer  program  designed  to  give  stops  at  air  velocity  at 
standard  day  conditions,  air  volume  in  cfm,  flow  rate  in  laminal  ait- 
flow  meter,  differential  pressure  required  for  flow  meter  rate. 
Calculations  required  10-20  seconds  and  were  rechecked  after  initial 
setting.  Accuracy  of  equipment  use  is  t 1.01. 

5.  Samplings  collected  were  washed  from  the  impingers  and  probed  with 
distilled  water  and  acetone.  All  samples  were  evaporated  to  dryness 
and  the  filters  were  ilried  to  constant  weight,  to  determine  total 
solids  weight.  fotal  weights  were  from  11  to  (i8  mg. 
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